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Figure 17. Three-dimensional items distribution for the technical factors items.  

 The tri-dimensional plot shows that items are concentrated to the right side of the 

chart in a positive side of Factor 1. The technical enabler items (KMS) are clustered together. 

The technical enabler (KMS) items appear to be the most common factors clustered 

together. They are clustered in Factor 1, independently if the factor analysis was run 

considering only technical items or if the factor analysis was performed considering the 

technical items combined with the government regulations and customer interaction. The 

technical enabler items (Factor 1) also showed the highest correlation results with the SDIC 

when compared with the other factors (2, 3, and 4) and showed Sig (2-tailed) lower than 0.05 

(significant). 

 Managerial Factors Analysis  

 A total of 31 managerial items, government regulations, and customer integration 

items were identified in the literature and used in this factor analysis. Figure 18 illustrates a 
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pattern matrix for the 31 items. The matrix was generated using the rotation method, 

principal axis factoring recommended for exploratory survey instrument. It can be seen that 

four factors were clustered by the SPSS 22 software, and the items are shown in columns 

numbered 1 to 4.  The four factors shown on Figure 18 represent 65% of the cumulative 

initial Eigenvalues: Factor 1 has eleven items, Factor 2 has two items, Factor 3 has four 

items, and Factor 4 has two items. Factor 1 shows a cluster containing items associated with 

openness (three items) and future orientation (four items), creativity (two items) and risk-

taking (two items). Factor 2 shows negative scores indicating some potential “bipolar” 

characteristics. The literature suggests treating “bipolar” cases carefully or segregating them 

since they can mislead the conclusions. Factor 3 shows a mix of items associated with 

government regulations, customer integration, and one item from proactive. Factor 4 shows 

two items that are divided between risk-taking and proactive.  
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1 2 3 4
Age Group

MANCR1

MANCR2

MANCR3

MANCR4 .733

MANCR5

MANCR6

MANCR7 .527

MANOP1 .791

MANOP2 .785

MANOP3

MANOP4 .786

MANFO1 .834

MANFO2 .511

MANFO3 .760

MANFO4 .709

MANRT1 .662

MANRT2 .634

MANRT3 -.621

MANRT4 -.645

MANRT5 .698

MANPA1 .632

MANPA2

MANPA3

MANPA4 .558

GR1

GR2 .562

GR3

CUSTINTE1 .602

CUSTINTE2 .583

CUSTINTE3

a. Rotation converged in 12 iterations.

Pattern Matrixa

Factor

Extraction Method: Principal Axis Factoring. 

 Rotation Method: Oblimin with Kaiser Normalization.a

 
 

Figure 18. Pattern matrix for managerial items, GR and customer interactions. 

 A reliability statistics analysis was performed considering the four factors listed in 

Figure 18 for the managerial, government regulations, and customer integration items 

(MGC). 
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Table 41 

MGC Factor 1 Case Processing Summaries 

Case Processing Summary 

 N % 

Cases Valid 41 74.5 

Excludeda 14 25.5 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

 
Table 42 

MGC Factor 1 Cronbach’s Alpha for Eleven Items  

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.922 11 

 
Table 43 

MCG Factor 1 – Item Statistics 

Item Statistics 

 Mean Std. Deviation N 

MANCR4 3.66 1.039 41 

MANCR7 3.90 .860 41 

MANOP1 3.22 1.084 41 

MANOP2 3.22 1.107 41 

MANOP4 3.07 1.081 41 

MANFO1 3.44 1.026 41 

MANFO2 3.32 1.128 41 

MANFO3 2.98 1.060 41 

MANFO4 3.27 .975 41 

MANRT1 2.68 .934 41 

MANRT2 3.66 1.087 41 
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Table 44 

MGC Factor 1 – Item Total Statistics 

Item-Total Statistics 

 
Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

MANCR4 32.76 61.739 .632 .917 

MANCR7 32.51 64.206 .595 .919 

MANOP1 33.20 59.911 .719 .913 

MANOP2 33.20 59.361 .736 .912 

MANOP4 33.34 58.280 .830 .908 

MANFO1 32.98 59.724 .780 .910 

MANFO2 33.10 63.190 .484 .925 

MANFO3 33.44 59.852 .742 .912 

MANFO4 33.15 61.378 .708 .914 

MANRT1 33.73 62.801 .640 .917 

MANRT2 32.76 59.739 .728 .913 

 
 The MGC Factor 1 item shows an excellent Cronbach’s Alpha result, 0.922, for the 

eleven items clustered together: managerial, government, and customer interactions items. 

 
Table 45 

MGC Factor 2 Case Processing Summaries 

Case Processing Summary 

 N % 

Cases Valid 54 98.2 

Excludeda 1 1.8 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 
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Table 46 

MGC Factor 2 Cronbach’s Alpha for Two Items  

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.794 2 

 
Table 47 

MCG Factor 2 – Item Statistics 

Item Statistics 

 Mean Std. Deviation N 

MANRT3 2.13 .953 54 

MANRT4 2.33 .890 54 

 
Table 48 

MGC Factor 2 – Item Total Statistics 

Item-Total Statistics 

 
Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

MANRT3 2.33 .792 .660 . 

MANRT4 2.13 .907 .660 . 

 
 Only two items clustered on Factor 2 related to taking a management risk, showing a 

good Cronbach’s Alpha of 0.794. 
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Table 49 

MGC Factor 3 Case Processing Summaries 

Case Processing Summary 

 N % 

Cases Valid 39 70.9 

Excludeda 16 29.1 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 
Table 50 

MGC Factor 3 Cronbach’s Alpha for Four Items  

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.642 4 

 
Table 51 

MCG Factor 3 – Item Statistics 

Item Statistics 

 Mean Std. Deviation N 

MANPA1 3.56 .882 39 

GR2 2.87 1.056 39 

CUSTINTE1 3.92 .929 39 

CUSTINTE2 4.26 .785 39 
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Table 52 

MGC Factor 3 – Item Total Statistics 

Item-Total Statistics 

 
Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

MANPA1 11.05 4.103 .455 .552 

GR2 11.74 3.933 .348 .639 

CUSTINTE1 10.69 3.745 .528 .495 

CUSTINTE2 10.36 4.605 .381 .602 

 
 The MGC Factor 3 shows an acceptable Cronbach’s Alpha of 0.642 for the four items 

clustered from customer interactions (two items), government regulations (one item) and 

managerial (pro-active) constructs (one item).  

MGC Factor 4 
 

Reliability Statistics 

Cronbach's 

Alphaa N of Items 

-.637 2 

a. The value is negative due to 

a negative average covariance 

among items. This violates 

reliability model assumptions. 

You may want to check item 

codings. 
  

The MGC Factor 4 shows items associated with managerial risk-taking and 

proactiveness. Because they are negative, they were not included in further analysis. 

Figure 19 shows a screen plot of managerial, government regulations, and customer 

interaction item versus the calculated Eigenvalues. A pronounced drop is observed 
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considering the initial Factor 4. Then the slope of the curve reduces, showing less influence 

of the remaining factors from 5 to 31. 

 

Figure 19. Scree plot managerial, government regulations, and customer interaction items. 

 
Figure 20 shows a three-dimensional distribution of managerial, government 

regulations, and customer integration items. The tri-dimensional plot is an output of SPSS 

that illustrates where the items gravitate in space, providing a visual assessment “density” of 

the clusters. 
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Figure 20. Three-dimensional items distribution for managerial, government regulations, and 

customer interaction items. 

 

 The tri-dimensional plot shows that items related to management risk-taking, 

government regulations, and customer integration are positioned to the borders of the 

distribution. 

The four factors shown in Figure 18 were transformed into specific variables called 

“overall MF1 to 4” and a correlation was performed against the successful development of 

innovative component (SDIC) criterion variable. Table 53 shows the correlation results. The 

overall MF 1 transformed variable shows the best correlation of this matrix with Sig (2- 

tailed) significance below 0.05. 
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Table 53 

Pearson Correlation of the Transformed Four Variables and SDIC 

Correlations 

 SUMSDIC overallMF1 overallMF2 overallMF3 overallMF4 

SUMSDIC Pearson Correlation 1 .542** -.344* -.357 -.260 

Sig. (2-tailed)  .001 .037 .057 .131 

N 37 32 37 29 35 

overallMF1 Pearson Correlation .542** 1 .214 .124 -.133 

Sig. (2-tailed) .001  .179 .500 .421 

N 32 41 41 32 39 

overallMF2 Pearson Correlation -.344* .214 1 .260 .467** 

Sig. (2-tailed) .037 .179  .110 .001 

N 37 41 54 39 48 

overallMF3 Pearson Correlation -.357 .124 .260 1 -.063 

Sig. (2-tailed) .057 .500 .110  .717 

N 29 32 39 39 36 

overallMF4 Pearson Correlation -.260 -.133 .467** -.063 1 

Sig. (2-tailed) .131 .421 .001 .717  

N 35 39 48 36 48 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
 

Factor 1 (overall MF1) shows the highest correlation (0.542) with SDIC. Factor 1 is a 

combination of managerial items related to openness, future orientation, risk-taking and 

creativity. The Sig (2-tailed) is lower than 0.05 (significant). 

 Additional analysis was performed considering only the managerial items. A 

descriptive analysis per Table 54 was run to identify the means and standard deviation of 

every single item. The higher numbers indicated strong agreement with the statement 

presented on the survey instrument. MANCR3 (“In this organization we are constantly 

looking to develop and offer new or improved products”), showed the highest mean; the 



 98 

lowest standard deviation and MANCR2 (“In this organization managers are expected to be 

resourceful problem solvers”) showed the second-highest mean. 

Table 54 

Descriptive Statistics for Managerial Items 

Descriptive Statistics 

 Mean Std. Deviation Analysis N 

MANCR1 3.63 1.040 32 

MANCR2 4.09 .893 32 

MANCR3 4.19 .693 32 

MANCR4 3.81 .998 32 

MANCR5 3.78 .832 32 

MANCR6 3.25 .803 32 

MANCR7 4.00 .762 32 

MANOP1 3.31 1.120 32 

MANOP2 3.34 1.125 32 

MANOP3 3.63 .871 32 

MANOP4 3.19 1.148 32 

MANFO1 3.47 1.077 32 

MANFO2 3.34 1.066 32 

MANFO3 3.09 1.058 32 

MANFO4 3.31 1.061 32 

MANRT1 2.88 .907 32 

MANRT2 3.72 1.170 32 

MANRT3 2.00 .880 32 

MANRT4 2.34 .902 32 

MANRT5 3.19 1.030 32 

MANPA1 3.63 .833 32 

MANPA2 3.41 .911 32 

MANPA3 3.09 .963 32 

MANPA4 2.91 1.027 32 

 
 Figure 21 illustrates a pattern matrix for the 24 items. This matrix was generated 

using rotation method, the principal axis factoring recommended for an exploratory survey 

instrument. It can be seen that four factors were clustered by the SPSS22 software, and the 



 99 

items are shown in columns numbered 1 to 4. The four factors shown in Figure 21 represent 

65% cumulative initial Eigenvalues: Factor 1 has nine items, Factor 2 has three items, Factor 

3 has one item (risk-taking), and Factor 4 has four items. Factor 1 shows a cluster of items 

associated with openness (three items), future orientation (four items), creativity (one item) 

and risk-taking (one item). Factor 2 shows negative scores indicating some potential 

“bipolar” characteristics. The literature suggests treating “bipolar factors” carefully since 

they are usually more difficult to interpret (SJSU, 2015). The bipolar factors were segregated 

because could mislead the conclusions. Factor 3 shows a single item (MANRT5). Factor 4 

has a mix of items between creativity, openness, and proactiveness. 

1 2 3 4
MANCR1

MANCR2

MANCR3

MANCR4 .717

MANCR5

MANCR6

MANCR7 .530

MANOP1 .598

MANOP2 .775

MANOP3 .519

MANOP4 .756

MANFO1 .746

MANFO2 .571

MANFO3 .836

MANFO4 .688

MANRT1 .641 -.523

MANRT2

MANRT3 -.684

MANRT4 -.779

MANRT5 .703

MANPA1 .740

MANPA2

MANPA3 .529

MANPA4

a. Rotation converged in 14 iterations.

Pattern Matrixa

Factor

Extraction Method: Principal Axis Factoring. 

 Rotation Method: Oblimin with Kaiser Normalization.a

 

Figure 21. Managerial items - rotated pattern matrix for four factors. 
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 A reliability statistics analysis was performed considering the five factors listed in 

Figure 21 for the managerial items. 

Table 55 

MF Factor 1 Case Processing Summaries 

Case Processing Summary 

 N % 

Cases Valid 42 76.4 

Excludeda 13 23.6 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 
Table 56 

MF Factor 1 Cronbach’s Alpha for Nine Items  

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.910 9 

 
Table 57 

MF Factor 1 – Item Statistics 

Item Statistics 

 Mean Std. Deviation N 

MANCR4 3.67 1.028 42 

MANOP1 3.21 1.071 42 

MANOP2 3.24 1.100 42 

MANOP4 3.10 1.078 42 

MANFO1 3.45 1.017 42 

MANFO2 3.33 1.119 42 

MANFO3 3.00 1.059 42 

MANFO4 3.29 .970 42 

MANRT1 2.69 .924 42 
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Table 58 

MF Factor 1 – Item Total Statistics 

Item-Total Statistics 

 
Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

MANCR4 25.31 41.731 .629 .904 

MANOP1 25.76 40.625 .686 .900 

MANOP2 25.74 39.710 .738 .896 

MANOP4 25.88 38.839 .830 .889 

MANFO1 25.52 40.353 .755 .895 

MANFO2 25.64 42.479 .508 .913 

MANFO3 25.98 39.877 .758 .895 

MANFO4 25.69 41.341 .711 .899 

MANRT1 26.29 42.843 .616 .905 

 
 The MF Factor 1 item shows an excellent Cronbach’s Alpha result, 0.910, for the 

nine managerial items clustered together with the majority of items related to openness and 

future orientation.  

 
Table 59 

MF Factor 2 Case Processing Summaries 

Case Processing Summary 

 N % 

Cases Valid 51 92.7 

Excludeda 4 7.3 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 
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Table 60 

MF Factor 2 Cronbach’s Alpha for Three Items  

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.782 3 

 
Table 61 

MF Factor 2 – Item Statistics 

Item Statistics 

 Mean Std. Deviation N 

MANRT1 2.71 .901 51 

MANRT3 2.10 .964 51 

MANRT4 2.29 .879 51 

 
Table 62 

MF Factor 2 – Item Total Statistics 

Item-Total Statistics 

 
Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

MANRT1 4.39 2.803 .542 .786 

MANRT3 5.00 2.400 .643 .680 

MANRT4 4.80 2.561 .682 .640 

 
 The MF Factor 2 item shows a good Cronbach’s Alpha result, 0.782, for three 

managerial items related to risk-taking. 

MF Factor 3 
 
 Factor 3 shows a single item. Therefore no reliability analysis was performed. 
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Table 63 

MF Factor 4 Case Processing Summaries 

Case Processing Summary 

 N % 

Cases Valid 50 90.9 

Excludeda 5 9.1 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 
Table 64 

MF Factor 4 Cronbach’s Alpha for Four Items  

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.654 4 

 
Table 65 

MF Factor 4 – Item Statistics 

Item Statistics 

 Mean Std. Deviation N 

MANCR7 3.84 .866 50 

MANOP3 3.54 .838 50 

MANPA1 3.58 .883 50 

MANPA3 3.02 .979 50 
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Table 66 

MF Factor 4 – Item Total Statistics 

Item-Total Statistics 

 
Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

MANCR7 10.14 3.960 .452 .576 

MANOP3 10.44 4.129 .421 .596 

MANPA1 10.40 3.592 .566 .493 

MANPA3 10.96 4.039 .322 .671 

 
 The MF Factor 4 shows an acceptable Cronbach’s Alpha result, 0.654, for four items 

related to proactiveness, openness, and creativity. 

 Figure 22 shows a scree plot of managerial items versus the calculated Eigenvalues. 

 

Figure 22. Scree plot of managerial items versus calculated Eigenvalues. 

 A significant drop is noticed in the initial four managerial factors. Then the slope of 

the curve reduces, showing less influence of the remaining factors from 5 to 24. 
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Figure 23 shows a three-dimensional distribution of managerial items. It is an output 

of SPSS22, which illustrates where the items gravitate in space, providing a visual 

assessment “density” of the clusters. 

 
 

Figure 23. Three-dimensional distribution for managerial items. 

 
 The tri-dimensional plot shows that items related to management risk-taking and 

creativity are positioned to the borders of the distribution. 

The four factors shown in Figure 21 were transformed into variables defined as “only 

MF1”,”only MF2”, “only MF3”, “only MF4” and a correlation was performed against the 

successful development of the innovative component (SDIC) criterion variable. Table 67 

shows the correlation results. The only MF 1 transformed variable shows the best correlation 

of this matrix with Sig (2-tailed) significance below 0.05. 
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Table 67 

Pearson Correlation of the Transformed Four Variables and SDIC 

Correlations 

 SUMSDIC onlyMF1 onlyMF2 onlyMF3 onlyMF4 

SUMSDIC Pearson Correlation 1 .547** -.212 -.044 .180 

Sig. (2-tailed)  .001 .208 .800 .301 

N 37 33 37 35 35 

onlyMF1 Pearson Correlation .547** 1 .430** -.210 .504** 

Sig. (2-tailed) .001  .004 .194 .001 

N 33 42 42 40 39 

onlyMF2 Pearson Correlation -.212 .430** 1 -.166 .262 

Sig. (2-tailed) .208 .004  .270 .072 

N 37 42 51 46 48 

onlyMF3 Pearson Correlation -.044 -.210 -.166 1 -.046 

Sig. (2-tailed) .800 .194 .270  .766 

N 35 40 46 48 44 

onlyMF4 Pearson Correlation .180 .504** .262 -.046 1 

Sig. (2-tailed) .301 .001 .072 .766  

N 35 39 48 44 50 

**. Correlation is significant at the 0.01 level (2-tailed). 
 

Factor 1 (only MF1) shows the higher correlation with SDIC (0.547). It explains the 

29.9% variation on the SDIC. Factor 1 is a combination of managerial items related to 

openness, future orientation, risk-taking, and creativity. The Sig (2-tailed) is lower than 0.05 

(significant). 

 Table 68 combines items with higher correlation numbers from the factor analysis 

interactions. The individual correlation numbers from the factor analysis were added, 

creating a sum total from five runs and the numbers displayed from high to low scores. A 

mix of technical items and managerial items were found in the top twelve items that are 

above sum total 2.0. Five items are from technical nature (TE4, TE2, TE3, TC4, and TE1), 
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and seven items are managerial nature (MANOP4, MANF03, MANOP2, MANFO1, 

MANOP1, MANFO4 and MANRT1). Four of five technical items are related to technical 

enablers (KMS) who consistently appear in the factor analysis interactions. Three items are 

from future orientation and three items from openness, composing the bulk of the managerial 

items. The customer integration and government regulations items are shown in a second tier, 

with sum total correlations below 1.810 as shown on Table 68. 

Table 68 

Higher Correlation Numbers from the Factor Analysis  

 

 

FArun1 FArun2 FArun3 FArun4 FArun5

label Overall items  MF+GR+Customer TF+GR+Customer 
SUM 

(run1+run2+run3 MF TF SUM total Pearson Sig 2tailed 
TE4

.820 .866 1.686 .877 2.563 0.356 0.033
TE2

.808 .855 1.663 .845 2.508
MANOP4 .786 .786 1.571 .756 2.327 0.448 0.006
MANFO3 .724 .760 1.485 .836 2.320 0.351 0.033
TE3 .760 .750 1.510 .807 2.317 0.308 0.077
MANOP2 .716 .785 1.501 .775 2.276 0.387 0.020
MANFO1 .689 .834 1.523 .746 2.270 0.381 0.022
TC4 .642 .737 1.380 .785 2.165
MANOP1 .745 .791 1.536 .598 2.134 0.484 0.002
TE1 .712 .733 1.446 .676 2.121
MANFO4 .685 .709 1.395 .688 2.082 0.321 0.056
MANRT1 .715 .662 1.377 .641 2.017
MANPA1 .623 .632 1.255 .740 1.995
TC6 .582 .690 1.272 .716 1.988
CUSTINTE1 .701 .602 .507 1.810 1.810
CUSTINTE2 .534 .583 .591 1.708 1.708
GR2 .504 .562 .622 1.688 1.688
MANCR4 .733 .733 .717 1.450 0.575 0.000
MANRT2 .681 .634 1.315 1.315 0.319 0.055
TS2 .678 .579 1.257 1.257
MANFO2 .511 .511 .571 1.082 0.469 0.003
TC5 .574 .574 0.574 0.363 0.027
MANPA4 .558 .558 0.558
MANCR2 .557 .557 0.557
MANCR5 .544 .544 0.544 0.403 0.013
TC2

.538 .538 0.538
MANCR7 .000 .530 0.530 0.344 0.037
MANPA3 .529 0.529
CUSTINTE3 .524 .524 0.524
MANOP3 .000 .519 0.519

Factor 1
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A series of correlation analyses using transformed variables (Smix), which combined 

the higher score items per Table 68, were performed to verify the permutation that should 

produce the highest correlation with the successful development of innovative component 

(SDIC). By eliminating three managerial items (MANFO3, MANFO1, and MANF04) and 

eliminating three technical items (TE4, TE2, and TE1) it was possible to reach a Pearson 

correlation of 0.606, which explains 36.7 percentage variations of the SDIC. The 

SMixTFMF13 combination shows the highest correlation score as illustrated in Table 69. 

Table 69 

Higher Correlation Numbers from the Factor Analysis Percentage Explain SDIC  

SMixTFMF1 SMixTFMF2 SMixTFMF3 SMixTFMF4 SMixTFMF5 SMixTFMF6 SMixTFMF7 SMixTFMF8 SMixTFMF9 SMixTFMF10SMixTFMF11SMixTFMF12SMixTFMF13SMixTFMF14SMixTFMF15SMixTFMF16
TE4 TE4 TE4 TE4 TE4 TE4 TE4
TE2 TE2 TE2 TE2 TE2 TE2 TE2 TE2
MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4
MANFO3 MANFO3 MANFO3 MANFO3 MANFO3 MANFO3 MANFO3 MANFO3 MANFO3 MANFO3 MANFO3 MANFO3 MANFO3
TE3 TE3 TE3 TE3 TE3 TE3 TE3 TE3 TE3 TE3 TE3 TE3 TE3 TE3 TE3
MANOP2 MANOP2 MANOP2 MANOP2 MANOP2 MANOP2 MANOP2 MANOP2 MANOP2 MANOP2 MANOP2 MANOP2 MANOP2
MANFO1 MANFO1 MANFO1 MANFO1 MANFO1 MANFO1 MANFO1 MANFO1 MANFO1 MANFO1 MANFO1 MANFO1 MANFO1 MANFO1
TC4 TC4 TC4 TC4 TC4 TC4 TC4 TC4 TC4 TC4 TC4 TC4 TC4 TC4
MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1
TE1 TE1 TE1
MANFO4 MANFO4
MANRT1

Pearson 0.554 0.578 0.589 0.596 0.576 0.565 0.586 0.599 0.605 0.539 0.596 0.593 0.606 0.604 0.603 0.519
Sig 2tailed 002 001 001 000 001 001 001 000 000 001 000 000 000 000 000 002

% 30.7 33.4 34.7 35.5 33.2 31.9 34.3 35.9 36.6 29.1 35.5 35.2 36.7 36.5 36.4 26.9  

 
 A further analysis based on individual Pearson correlation values was used in order to 

continue the investigation. Table 70 combined the items with higher individual Pearson 

correlation numbers. The individual correlation is displayed in yellow, from higher to lower 

scores. The correlation Pearson numbers below 0.3 are not shown on the Table 70. It was 

defined as a blend of technical items and managerial items with Pearson correlations above 

0.351. The Pearson 0.351 number was arbitrary, based on literature suggesting that 

researchers consider 0.3-0.4 a common range. Two items are from the technical realm (TC5 

and TE4), and seven items are from the managerial realm (MANCR4, MANOP1, MANFO2, 
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MANOP4, MANCR5, MANOP2, and MANFO1). The two items from the technical realm 

are split between technical enabler and technical capability. The seven items from the 

managerial realm are distributed as follows: two items from creativity, three items from 

openness, and two items from future orientation, composing the higher correlation numbers 

from individual Pearson correlation against successful development of innovative component 

(SDIC). 

Table 70 

Higher Individual Pearson Correlation with SDIC 

FArun1 FArun2 FArun3 FArun4 FArun5

label Overall items  MF+GR+Customer TF+GR+Customer MF TF Pearson Sig 2tailed
MANCR4 .733 .717 0.575 0.000
MANOP1 .745 .791 .598 0.484 0.002
MANFO2 .511 .571 0.469 0.003
MANOP4 .786 .786 .756 0.448 0.006
MANCR5 .544 0.403 0.013
MANOP2 .716 .785 .775 0.387 0.020
MANFO1 .689 .834 .746 0.381 0.022
TC5 .574 0.363 0.027
TE4 .820 .866 .877 0.356 0.033
MANFO3 .724 .760 .836 0.351 0.033
MANCR7 .530 0.344 0.037
MANFO4 .685 .709 .688 0.321 0.056
MANRT2 .681 .634 0.319 0.055
TE3 .760 .750 .807 0.308 0.077
TE2 .808 .855 .845
TC4 .642 .737 .785
TE1 .712 .733 .676
MANRT1 .715 .662 .641
MANPA1 .623 .632 .740
TC6 .582 .690 .716
CUSTINTE1 .701 .602 .507
CUSTINTE2 .534 .583 .591

GR2 .504 .562 .622
TS2 .678 .579
MANPA4 .558
MANCR2 .557
TC2 .538
MANPA3 .529
CUSTINTE3 .524
MANOP3 .519

Factor 1  
A series of correlations between the transformed variables (Pmix) were performed to 

verify the combination of items that should produce the highest correlation result with the 

successful development of innovative component (SDIC). By eliminating three managerial 
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items (MANCR5, MANOP2, and MANF01) and keeping the two technical items, it was 

possible to reach a Pearson correlation of 0.727, which explains the 52.9%  variation of 

SDIC. The PMixTFMF4 items combination shows the highest correlation result with SDIC 

as shown in Table 71. 

Table 71 

Higher Individual Correlation Numbers Percentage Explain SDIC   

 
  PMixTFMF1 PMixTFMF2 PMixTFMF3 PMixTFMF4 PMixTFMF5 PMixTFMF6 PMixTFMF8 PMixTFMF9 
  MANCR4 MANCR4 MANCR4 MANCR4 MANCR4 MANCR4 MANCR4 

  MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 MANOP1 

  MANFO2 MANFO2 MANFO2 MANFO2 MANFO2 MANFO2 MANFO2 MANFO2 

  MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 MANOP4 

  MANCR5 MANCR5 MANCR5 

  MANOP2 MANOP2 

  MANFO1 

  TC5 TC5 TC5 TC5 TC5 TC5 TC5 

  TE4 TE4 TE4 TE4 TE4 TE4 TE4 

Pearson 0.706 0.717 0.726 0.727 0.712 0.677 0.682 0.702 
Sig 

2tailed  000 000 000 000 000 000 000 000 
% 49.8 51.4 52.7 52.9 50.7 45.8 46.5 49.3 

 
 A descriptive statistics analysis was performed to access the reliability of 

PMixTFMF4. The results are shown in Tables 72 and 73. It was found to be a “good” 

Cronbach’s Alpha (0.779) for the six-item scale. All items have a Sig 2-tailed below 0.05, 

considering individual correlation with successful development of innovative component 

(SDIC) as illustrated in Table 74.  

Table 72 

PMix TFMF4 Cronbach’s Alpha 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.779 6 
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Table 73 

PMix TFMF4 Item Statistics 

Item Statistics 

 Mean Std. Deviation N 

MANCR4 3.73 1.020 44 

MANOP1 3.27 1.065 44 

MANFO2 3.27 1.128 44 

MANOP4 3.14 1.069 44 

TC5 3.55 .999 44 

TE4 2.57 1.169 44 

 

Table 74 

Correlations of Individual PMixTFMF4 Items  

 
SUMSDIC MANCR4 MANOP1 MANFO2 MANOP4 TE4 TC5

Pearson Correlation 1 .575** .484** .469** .448** .356* .363*

Sig. (2-tailed) .000 .002 .003 .006 .033 .027

N 37 37 37 37 36 36 37

Pearson Correlation .575** 1 .566** .513** .502** .389** .353**

Sig. (2-tailed) .000 .000 .000 .000 .006 .009

N 37 54 51 54 52 48 54

Pearson Correlation .484** .566** 1 .408** .684** .296* .272

Sig. (2-tailed) .002 .000 .003 .000 .048 .051

N 37 51 52 52 50 45 52

Pearson Correlation .469** .513** .408** 1 .434** .249 .155

Sig. (2-tailed) .003 .000 .003 .001 .088 .258

N 37 54 52 55 53 48 55

Pearson Correlation .448** .502** .684** .434** 1 .512** .294*

Sig. (2-tailed) .006 .000 .000 .001 .000 .032

N 36 52 50 53 53 47 53

Pearson Correlation .356* .389** .296* .249 .512** 1 .271

Sig. (2-tailed) .033 .006 .048 .088 .000 .062

N 36 48 45 48 47 48 48

Pearson Correlation .363* .353** .272 .155 .294* .271 1

Sig. (2-tailed) .027 .009 .051 .258 .032 .062

N 37 54 52 55 53 48 55

TC5

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

MANCR4

MANOP1

MANFO2

MANOP4

TE4

SUMSDIC

 

 
 Table 75 summarizes the factor analysis and correlation interactions performed. Two 

items (MANOP4 and MANOP1) consistently appear in all managerial and overall analyses 

performed. Two items (MANFO1 and MANOP2) appear in four out of five managerial 

analyses. Two items (MANCR4 and MANFO2) appear in three out of five managerial 
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analyses. The technical items are colored in yellow and are associated with technical enabler 

(KMS). Two items (TE3 and TE4) appear in three out of four technical items analyses. The 

technical enabler items are not included in Factor 1 in the overall analysis but are clustered in 

Factor 2. 

Table 75 

Comparison Higher Individual Correlation Numbers Percentage Explain SDIC  

run -> Overall items  MF+GR+Customer MF TF+GR+Customer TF
higher Pearson correlations 

combined from FA 
 higher individual Pearson 

correlations combined 

factor 1 1 1 1 1 na na

transformed 
label 

overall 1 overallMF1 onlyMF1 overallTF1 onlyTF1
SMixTFMF13

PMixTFMF4

Pearson 0.466 0.542 0.547 0.353 0.353 0.606 0.727

Sig 2tailed 0.007 0.001 0.001 0.044 0.044 0 0

% 21.7 29.4 29.9 12.5 12.5 36.7 52.9

1 items MANOP1 MANCR4 MANCR4 TE1 TE1 MANOP4 MANCR4
2 MANOP2 MANCR7 MANOP1 TE2 TE2 TE3 MANOP1
3 MANOP4 MANOP1 MANOP2 TE3 TE3 MANOP2 MANOP4
4 MANFO1 MANOP2 MANOP4 TE4 TE4 MANFO1 MANFO2
5 MANFO3 MANOP4 MANFO1 TC4 TE4
6 MANFO4 MANFO1 MANFO2 MANOP1 TC5
7 MANRT1 MANFO2 MANFO3
8 MANRT2 MANFO3 MANFO4
9 MANFO4 MANRT1

10 MANRT1

11 MANRT2  

 
 In summary, it was found that openness and future orientation are significant factors 

from the managerial standpoint, and technical enabler and technical capability are significant 

factors from the technical standpoint. 

The results of factor analysis revealed that the majority of managerial items (eight) 

were clustered into a Factor 1 but did not produce the highest Pearson correlation (0.466) 

with the successful development innovative component (SDIC). It was also observed that 

Factor 2, from the overall items analysis, was solely from technical items and also did not 

produce high Pearson correlation (0.353) with SDIC. It is a fact that managers classically 

start in a technical field and then migrate to manager functions, and the balance between 

knowledge and power is usually a debating topic in the organization (Machado, 2013). The 
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managers from a Tier 1 supplier firm generally come from a technical background and move 

to managerial functions as part of natural career progression. Because of the technical center 

environment where technical and managerial people operate in cross-functional teams, it 

becomes difficult to dissociate the managerial and technical factors completely, as they are 

interrelated and embedded in a technical center routine. Additional analysis, selecting and 

combining items either from managerial or technical nature from Sum FA or individual 

higher correlation, draw the highest correlation results with SDIC, reinforcing the fact that a 

combination of items from managerial and technical natures has a better chance of conveying 

higher association results with SDIC. The number of managerial items considered in the 

analysis was twice as high as the technical items, which influenced the fact that more 

managerial than technical items had surfaced on the factor analysis clusters. The items 

related to openness and future orientation are relevant and appear in most of the analyses 

from the managerial standpoint. The technical items related to technical enablers tend to 

facilitate the development process and enhance the technical capabilities of the XYZ Tier 1 

supplier firm. Table 76 shows the core of significant managerial items and, in bold, the items 

that appear in most of the analysis.  

Table 76 

Significant Managerial Items  

MANOP1 In this organization assistance in developing new ideas is readily available. 

MANOP2 This organization is open to changes. 

MANOP4 This organization is responsive to changes. 

MANFO1 This organization establishes a realistic set of future goals for itself. 

MANFO2  This organization effectively ensures that all managers and employees share the 
same vision of the future.  

MANFO3 This organization conveys a clear sense of future direction to employees. 

MANCR4  In this organization our ability to function creati vely is respected by the leadership 
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Table 77 shows the core of significant technical items and, in bold, the items that are 

commonly present on the analysis. 

Table 77 

Significant Technical Items  

TE1 In this organization the Knowledge Management System is available whenever is needed. 
TE2 In this organization the Knowledge Management System is easy for anyone to use. 

TE3 In this organization the Knowledge Management System is stable, without any interruption. 

TE4 In this organization the Knowledge Management System provides rapid responses. 
TC4 We have a good mix of technical expertise within our work group in our organization. 

TC5 My work group has access to adequate state-of-the-art technologies. 
 

The data suggest that organizational responsiveness,   assistance in the development 

of new ideas, respecting the ability to be creative and promotion of shared goals and vision 

for the future, is significant from the managerial perspective for the XYZ Tier 1 supplier 

firm. From the technical perspective, a responsiveness stable, uninterrupted knowledge 

management system combined with group access of state of art technologies is also 

significant for XYZ Tier 1 supplier firm. 

 After identifying the combination of important factors responsible for the successful 

development of innovative component (SDIC), an additional correlation verification analysis 

was performed using the lowest score numbers from the factor analysis table, in order to 

verify that lower score items from factor analysis and previous correlations indeed should 

convey lower association with SDIC criterion variable and are not significant. The results of 

such verification analysis are shown in Table 78. By using items from the bottom of the 

scale, it was found the Pearson correlation reduces from 0.637 to 0.104, meaning that the 

combination of factors from the bottom of scale explains only a 1% variation on the 

successful development innovation component (SDIC). The Sig (2-tailed) increased from 
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“000” to 0.547 and became not significant. It confirms the expectation that a combination of 

lower initial individual scores will result in lower scores in the same way that a combination 

of higher individual scores was demonstrated to produce higher correlation results.  

Table 78 

Correlation Using Non-Optimized Factors from SPSS Factor Analysis  

Correlations 

 SUMSDIC 

RotateRT1FO1RT

3 

SUMSDIC Pearson Correlation 1 .104 

Sig. (2-tailed)  .547 

N 37 36 

RotateRT1FO1RT3 Pearson Correlation .104 1 

Sig. (2-tailed) .547  

N 36 48 

 

 Combined Factors 

It was determined by a series of factor analysis interactions that a selective 

composition between technical and managerial factors should present higher association with 

the successful development of innovative components. 

RQ2 – Are technical factors more or less relevant than managerial factors on the 

successful development of internal combustion engines components at a Tier 1 supplier 

firm? 

A series of t-test analyses were performed in order to investigate this research 

question. The t-test assesses whether the means of two groups are statistically different from 

each other. By comparing the means of two groups, the t-test helps to verify whether the 

groups are statistically significant. This study aimed to compare the Technical Factors and 
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the Managerial Factors and also test the PACE Award against the successful development of 

innovative component (SDIC). 

1. Paired samples t-test: The paired samples t-test compares the means between two 

unrelated groups on the same continuous, criterion variable. In this study we were looking to 

compare the means of the transformed variable labeled Sum Technical Factor (SUMTC) and 

the transformed variable labeled Sum Managerial Factors (SUMMF) against the Sum of 

Successful Development of Innovative Component (SUMSDIC) as a criterion variable. The 

following variables certification were performed prior to running the paired samples t-test 

using SPSS software.  

a. The criterion variable has a measurable scale. 

b. The predictor variable has two categorical independent groups. 

c. There is no dependency of responses among different participants in each 

category. It means no relationship between the observations in each group. 

d. There is no significant outlier among the returned surveys – confirmed 

using descriptive statistics. 

e. The criterion variable is approximately normally distributed for each group 

of the predictior variables confirmed using descriptive statistics. 

f. There is homogeneity of variances. 

Note: #4 , #5, and #6 have been checked using IBM SPSS. 

Table 79 shows the paired sample t-test results comparing the SUMSDIC and 

SUMTF, and SUMSDIC and SUMMF, respectively. Smaller standard deviation was 

observed in the SUMSDIC, which had the number of returned survey instruments (N) 
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adjusted to pair with SUMTF and SUMMF variables. The number of participants was higher 

on the SUMMF, representing 50% of the returned survey instruments. 

Table 79 

Paired Sample T-Test Group Statistics  

 Mean N Std. Deviation Std. Error Mean 

Pair 1 SUMSDIC 15.9565 23 1.94184 .40490 

SUMTF 42.3913 23 7.04362 1.46870 

Pair 2 SUMSDIC 16.4444 27 2.45472 .47241 

SUMMF 77.8889 27 12.27359 2.36205 

 
 In order to confirm the mean standard deviation and standard error means shown in 

Table 79, a subsequent run was performed replacing the missed values by “smean” values. 

The results are shown in Table 80, and no significant differences were found between mean 

and standard deviations of group’s statistics in Tables 79 and 80. 

Table 80 

Paired Sample T-Test Group Statistics Including Missing Values 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

Pair 1 SMEAN(SUMDEVEINNO) 16.1351 55 1.98291 .26738 

SMEAN(SUMTECHNICAL) 42.6667 55 4.72582 .63723 

Pair 2 SMEAN(SUMDEVEINNO) 16.1351 55 1.98291 .26738 

SMEAN(SUMMANAGERIAL

) 
77.1765 55 10.24599 1.38157 

 
 Figures 24, 25, and 26 show a distribution of SUMSDIC, Sum Tech Factors, and Sum 

Managerial Factors. The charts intend to translate the numbers shown in Tables 79 and 80 to 

numbers that reflect the scale defined on the survey instrument, where 1 = Strongly disagree 

and 5 = Strongly agree.  
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Figure 24. SDIC frequencies using the survey instrument scale. 

Mean = 3.88  

Mode = 4 

“Somewhat agree” 

 

 
Figure 25. Technical factors frequency using the survey instrument scale. 

Mean = 3.34 

Mode = 2.85 

“Neutral”  



 119 

 

Figure 26. Managerial factors frequency using the survey instrument scale. 

Mean =3.10 

Mode = 3.5 

“Neutral” to “Somewhat agree” 

 
 Table 81 shows the results of paired samples correlations between the successful 

development of innovative component, the Sum of Technical Factor, and Sum of Managerial 

Factors, discarding the missing items. The managerial factors show a higher correlation, 

0.496, than the technical factors, 0.267. 

Table 81 

Paired Sample T-Test Correlations (Missing Items) 

 Paired Samples Correlations 

 N Correlation Sig. 

Pair 1 SUMSDIC & SUMTF 23 .267 .218 

Pair 2 SUMSDIC & SUMMF 27 .496 .009 

 

 Table 82 shows the results of paired samples correlations replacing the missing items 

by “smean” from the Sum of Technical Factors and items from Sum of Managerial Factors. 
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Table 82 

Paired Sample T-Test Correlations (Replacing Missing Items by smean) 

Paired Samples Correlations 

 N Correlation Sig. 

Pair 1 SMEAN(SUMDEVEINNO) & 

SMEAN(SUMTECHNICAL) 
55 .161 .240 

Pair 2 SMEAN(SUMDEVEINNO) & 

SMEAN(SUMMANAGERIA) 
55 .359 .007 

 
 Table 82 shows an output comparison of paired t-test correlations. The Pearson 

results are higher for the Sum Managerial Factor, 0.496 and 0.359, respectively, than the 

Sum Technical Factors (0.267 and 0.161). The Sum of Managerial Factors could explain the 

13% to 24.6% variation on the Successful Development Innovative component. The Sum of 

Technical Factors could explain no more than 7%, and the correlation is not significant. The 

replacement of the missing items by “smean” did not change significantly the results.  

 Table 83 shows the complete output of paired samples t-tests comparing the 

successful development of innovative components against the sum of technical factors and 

comparing the successful development of innovative components against the sum of 

managerial factors. 

Table 83 

Paired Sample T-Test Comparison (Replacing Missing Items by smean) 

Lower Upper

Pair 1 SMEAN(SUMDEVEINNO) - 
SMEAN(SUMTECHNICAL) -26.53153 4.82140 .65012 -27.83494 -25.22812 -40.810 54 .000

Pair 2 SMEAN(SUMDEVEINNO) - 
SMEAN(SUMMANAGERIAL) -61.04134 9.71129 1.30947 -63.66667 -58.41600 -46.615 54 .000

Paired Samples Test

Paired Differences

t df Sig. (2-tailed)Mean
Std. 

Deviation
Std. Error 

Mean

95% Confidence Interval of 
the Difference
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 Table 83 shows that the pair one (successful development of innovative component 

and technical factor) and the pair two (successful development of innovative component and 

managerial factor) are significant. The results show that managerial factors have higher mean 

and standard deviation. 

2. One sample t-test: A one-sample test was performed to compare the Summary of 

Technical Factors (SUMTF transformed variable) and Summary of Managerial Factors 

(SUMMF transformed variable) among the returned survey instruments. Table 84 shows the 

results of descriptive statitics for the Sum of Technical Factors and Sum of Managerial 

Factors. 

Table 84 

One Sample T-Test Statistics  

One-Sample Statistics 

 N Mean Std. Deviation Std. Error Mean 

SUMTF 27 42.6667 6.81063 1.31071 

SUMMF 34 77.1765 13.10672 2.24778 

 
The mean is higher for the Sum of Managerial Factors (77.17) than the Sum of 

Technical Factors (42.7). By converting the mean numbers from the Table 84, it was found 

that the Technical Factors is 3.3 on the 1 to 5 scale as defined in the survey instrument and 

the Managerial Factors is 3.2 on the 1 to 5 scale as defined on survey scale instrument, where 

1 is strongly disagree and 5 is strongly agree. Based exclusively on the numbers presented in 

Table 84, it was not possible to determine the significance between the technical and 

managerial factors. The one-sample test as shown in Table 85 provided additional 

comparative results.  
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Table 85 

One Sample T-Test  

One-Sample Test 

 

Test Value = 0 

t df Sig. (2-tailed) Mean Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

SUMTF 32.552 26 .000 42.66667 39.9725 45.3609 

SUMMF 34.334 33 .000 77.17647 72.6033 81.7496 
 

 
 

Useful information is shown in Table 85 considering the two groups associated with 

technical factors and managerial factors. The mean and standard deviation of managerial 

factors are higher than those of technical factors, and both show a Sig (2-tailed) = 0.000. 

Despite the higher standard deviation and standard error mean, Table 85 suggests, with 95% 

confidence interval, that the managerial factors have a higher association with on the factors 

that contribute to the success of development of internal engine components. 

3. Independent t-test PACE Award assessment: An independent t-test was also 

performed considering the Successful Development of Innovative Component as a criterion 

variable and the PACE award divided into two groups: employees involved in the PACE 

award activities, called group one (1), and employees who were not involved in the PACE 

award activities, called group two (2). The results are shown in Table 86. 
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Table 86 

PACE Independent T-Test Group Statistics 

Group Statistics 
 

PACE Award involvement N Mean Std. Deviation Std. Error Mean 

SUMSDIC YES 20 16.3000 2.47301 .55298 

NO 16 15.6875 2.27211 .56803 

 
 The group statistics comparing the employees who are involved with PACE awards 

activities and the employees who are not did not show a significant difference between the 

means, standard deviations, and standard error. 

 Table 87 shows the complete output of independent sample tests for the PACE award 

against the successful development of innovative components. 

Table 87 

Independent T-Test PACE Award 

 

Lower Upper

.113 .739 .765 34 .449 .61250 .80045 -1.01420 2.23920

.773 33.295 .445 .61250 .79275 -.99981 2.22481

SUMSDIC

Independent Samples Test

Levene's Test for 
Equality of Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed) Mean Difference
Std. Error 
Difference

95% Confidence Interval of 
the Difference

 

 
 Table 87 shows that the mean and standard deviations between the employees who 

are involved with PACE award activities and employees who are not involved with PACE 

Award activities are technically the same. The results indicate that there is no statistical 

significance between employees who were involved (16.3+/- 2.46) and employees who were 

not ( 15.7+/- 2.27). t (34)=0.765. Sig ( 2-tailed)=0.449.  
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 RQ3 – What is the relationship between technical factors and the successful 

development of innovative ICE component firm? 

 A. Technical Capabilities  

 B. Technical Strength 

 C. Technical Enabler - Knowledge Management Systems (KMS) 

Table 88 shows a summary correlation between the technical factors and successful 

development of innovative components. 

Table 88 

Technical Factors Correlations with SUMSDIC 

Correlations 

 SUMSDIC SUMTC SUMTS SUMTE SUMTF 

SUMSDIC Pearson Correlation 1 .399* .190 .353* .267 

Sig. (2-tailed)  .016 .344 .044 .218 

N 37 36 27 33 23 

SUMTC Pearson Correlation .399* 1 .596** .395* .642** 

Sig. (2-tailed) .016  .000 .011 .000 

N 36 52 31 41 27 

SUMTS Pearson Correlation .190 .596** 1 .431* .805** 

Sig. (2-tailed) .344 .000  .020 .000 

N 27 31 33 29 27 

SUMTE Pearson Correlation .353* .395* .431* 1 .837** 

Sig. (2-tailed) .044 .011 .020  .000 

N 33 41 29 42 27 

SUMTF Pearson Correlation .267 .642** .805** .837** 1 

Sig. (2-tailed) .218 .000 .000 .000  

N 23 27 27 27 27 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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The technical capabilities (TC) and technical enabler (TE) factors show the best 

correlations with the SUMSDIC with Sig (2-tailed) below 0.05 (significant). The technical 

capability factor shows a Pearson correlation of 0.399, and the technical enabler factor shows 

a Pearson of 0.353. The technical enabler factor and technical capability factor were found to 

be important, confirming what was observed in the factor analysis discussed in the research 

Question 1. Although good correlations were found between the technical factors, the 

technical strength (TS) showed the lowest correlation with SUMSDIC (0.190). The 

transformed sum of technical factors (SUMTF) can explain about 7% of the variation on the 

successful development of innovative component. 

RQ4 – What is the relationship between managerial factors and the successful 

development of innovative ICE component firm? 

 A. risk-taking  

 B. future orientation   

 C. openness  

 D. creativity 

 E. proactiveness  

 

Table 89 shows the summary correlation between the technical factors and successful 

development of innovative components. 
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Table 89 

Managerial Factors Correlations with SUMSDIC 

 

The creativity, openness, and future orientation managerial factors show Pearson 

correlations with successful development of innovative component (SUMSDIC) above 0.45 

and Sig (2-tailed) below 0.05 and therefore significant. The creativity shows the highest 

correlation, 0.599, followed by openness (0.511) and future orientation (0.459). The 

proactiveness factor has a correlation of 0.228, and risk-taking a negligible negative 

correlation (-0.053). The managerial transformed variable shows a correlation of 0.496. The 

transformed sum of managerial factor (SUMMF) can explain about 25% of the variation on 

the successful development of innovative component.  
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RQ5 – Does customer integration moderate the relationship between technical 

and/or managerial factors’ contributions to the successful development of ICE 

components at a Tier 1 supplier firm? 

The following data analysis was performed to verify for correlation between the 

criterion variable Successful Development of Innovative Component (SDIC) and Technical 

and/or Managerial Factors (predictor variables) using Customer Integration (CUSTINTE) 

and PACE award to verify changes on the corrleation strength. Table 90 shows the plan used 

to run the analsyis.  

Table 90 

Customer Integration -Correlation Strength Analysis Plan 

Variable 
Label

SDIC 
SDIC (CUSTINTE 

"change")
SDIC (PACE 

"change")

PACE Award Involvement PACE - - -
Customer Integration CUSTINTE Y N Y

Sum Technical Factors SUMTC Y Y Y
Sum Managerial Factors SUMMF Y Y Y

Criterion Variable

 

 Table 91 shows the results of correlation analysis using customer integration and 

PACE to verify changes on the correlation strength. For the purpose of the analysis, the 

customer integration and PACE variables were transformed and divided into two groups, 

where the number 1 signifies less than 50% of overall variable spread in this case, indicating 

neutral to strong disagreement with the survey instrument statement. In a similar way, the 

number 2 signifies more than 50% of the overall variable spread in this case, indicating 

neutral to strong agreement with the survey instrument statement. 
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Table 91 

Summary Customer Integration – Correlation Strength Analysis Results  

Variable 
Label Parameter

SDIC 
SDIC (CUSTINTE 

"change") SDIC (PACE "change")

PACE Award Involvement PACE - - -
Customer Integration CUSTINTE Pearson -0.330 N 1=-0.400; 2=0.422

Sig. (2-tailed) 0.061 N 1=0.111; 2=0.117
Sum Technical Factors SUMTC Pearson 0.267 1=0.558; 2=0.197 1=0.052; 2=0.497

Sig. (2-tailed) 0.218 1=0.118; 2=0.519 1=0.878; 2=0.100
Sum Managerial Factors SUMMF Pearson 0.496 1=0.697; 2=0.314 1=0.421; 2=0.486

Sig. (2-tailed) 0.009 1=0.012; 2=0.320 1=0.092; 2=0.185
1= less than 50% , 2=more than 50%

Criterion Variable

 
The results of Table 91 suggest that customer integration and the PACE award 

moderates the relationship between the technical factor and successful development of 

innovative components. The correlation is higher with less customer integration (0.558) and 

lower with more customer integration (0.197), and in both cases they are not significant (Sig 

2-tailed 0.118 and 0.519). The PACE award involvement also moderates the relationship 

between the technical factors and the successful development of innovative components, but 

in an opposite way. Higher correlation is observed with higher involvement with the PACE 

award and lower correlation with lower involvement, but in both cases they are not 

significant (Sig 2-tailed 0.878 and 0.100).  

The results of Table 90 also suggest that customer integration and the PACE award 

moderates the relationship between the managerial factor and the successful development of 

innovative components. The correlation is higher with less customer integration (0.697) and 

it is significant (Sig 2-tailed 0.012). The correlation is lower with more customer integration 

(0.314), but it is not significant (Sig 2-tailed 0.320). 
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Appendix P shows detailed correlations of successful development innovative 

components, government regulations, customer integration, technical factors, and managerial 

factors used in Table 90. 

RQ6 – Do government regulations moderate the relationship between technical 

and/or managerial factors’ contributions on the successful development of ICE 

components at a Tier 1 supplier firm? 

The following data analysis was performed to verify the correlation between the 

criterion variable Successful Development of Innovative Components (SDIC) and the  

Technical and/or Managerial Factors (predictior variables), using Government Regulations 

(GR), and PACE award to verify changes on the correlation strength.Table 92 shows the plan 

used to run the analsyis. 

Table 92 

Government Regulations - Correlation Strength Analysis Plan  

Variable 
Label

SDIC SDIC (GR "change")
SDIC (PACE 

"change")

PACE Award Involvement PACE - - -
Government Regulations GR Y N Y

Sum Technical Factors SUMTC Y Y Y
Sum Managerial Factors SUMMF Y Y Y

Criterion Variable

 

 Table 93 shows the result of correlation analysis using government regulations and 

PACE to verify changes on the correlation strength. For the purpose of the analysis, the 

government regulations and PACE variables were transformed and divided into two groups 

where the number one (1) signifies less than 50% of overall variable spread in this case, 

indicating neutral to strong disagreement with the survey instrument statement. In similar 
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way, the number two (2) signifies more than 50% of the overall variable spread in this case, 

indicating neutral to strong agreement with the survey instrument statement. 

Table 93 

Summary Government Regulations - Correlation strength Analysis Results 

Variable 
Label Parameter

SDIC SDIC (GR "change") SDIC (PACE "change")

PACE Award Involvement PACE - - -
Government Regulations GR Pearson 0.190 N 1=0.124; 2=0.042

Sig. (2-tailed) 0.313 N 1=0.649; 2=0.891
Sum Technical Factors SUMTC Pearson 0.267 1=0.564; 2=0.060 1=0.052; 2=0.497

Sig. (2-tailed) 0.218 1=0.029; 2=0.910 1=0.878; 2=0.100
Sum Managerial Factors SUMMF Pearson 0.496 1=0.460; 2=0.627 1=0.421; 2=0.486

Sig. (2-tailed) 0.009 1=0.055; 2=0.258 1=0.092; 2=0.185
1= less than 50% , 2=more than 50%

Criterion Variable

 

The results of Table 93 suggest that government regulations and the PACE award 

moderate the relation between the technical factor and successful development of a 

component. The correlation is higher with less government regulation (0.564) and lower with 

more customer integration (0.060). The correlation is significant for a lesser amount (Sig 2-

tailed 0.029) and is not significant with a greater amount of government regulation (Sig 2-

tailed 0.910). The PACE award involvement also moderates the relationship between the 

technical factors and the successful development of innovative components but in an 

opposite way, meaning higher correlation is observed with more involvement with the PACE 

award and lower correlation with less involvement with the PACE award, but in both cases 

they are not significant (Sig 2-tailed 0.878 and 0.100). 

The results of Table 93 also suggest that government regulation and the PACE award 

do not strongly moderate the relationship between the managerial factor and the successful 

development of innovative components. The Pearson correlation (0.460) is significant (Sig 2-
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tailed 0.055) with less involvement with government regulations and increases to 0.627 but is 

still not significant (Sig 2-tailed = 0.258) with more involvement with government 

regulations. The PACE award involvement does not moderate the relationship between the 

managerial factors and the successful development of innovative components.  

Appendix P shows detailed correlations of successful development innovative 

components, government regulations, customer integration, technical factors, and managerial 

factors used in Table 93. 

RQ 7 – Is there an association between demographics and the successful 

development of innovative ICE components at a Tier 1 supplier firm?  

Age Group  

Title  

Function 

Component application  

Component type 

PACE 

A series of correlation analyses were performed in order to investigate this research 

question. Table 94 displays the Pearson correlation results between the successful 

development of innovative components and the demographics variables and the correlation 

among the demographic variables.  
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Table 94 

Summary of Demographic Correlations 

 

 
The type of component shows the highest Pearson correlation (0.315) with the 

successful development of innovative components with Sig 2-tailed of 0.058. The other 

demographic variables did not show significant correlations with the successful development 

of innovative components and, in three cases, slight negative correlation. The two highest 

correlations among the demographics were found between the age group and title (manager 

or engineer) - 0.480 with Sig 2-tailed 0.000 and between the PACE Award and product 

application - 0.393 with Sig 2-tailed 0.003 both cases shown negative correlation. 

RQ 8 – Are the automotive applications more or less frequent than truck 

applications on the successful development of innovative ICE components at a Tier 1 

supplier firm? 
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A descriptive analysis was performed to investigate the frequency in which 

employees from the XYZ Tier 1 supplier firm work in one particular engine component 

application or multiple engine component applications. 

Table 95 

Product Application Frequency  

Product Application 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Auto Engines 12 20.3 21.8 21.8 

Truck Engines 12 20.3 21.8 43.6 

Both Auto and Truck Engines 31 52.5 56.4 100.0 

Total 55 93.2 100.0  

     

 
 Table 95 illustrates that the majority of respondents are involved in both auto and 

truck internal combustion engines components. The involvement in multiple product 

applications can be considered typical in the power train supplier business because of close 

interactions between power train engine components. Past experience has shown that 

employees successfully handle multiple component applications. It has been found that the 

synergy among different applications improves the employees’ performance since knowledge 

acquired in one component application is naturally transferred to another application and 

vice-versa, keeping in mind the differences between applications.  
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Figure 27. Product Application chart comparison. 
 
 

 
 
Figure 28. Pie chart employee product application.  
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In summary, the frequency of employees working in automotive engine application 

and truck engine application is the same (12). There are approximately three times more 

employees working with both auto and engine than with auto or truck application 

individually. 

Table 96 

Correlation Between the Engine Component Application and the SDIC 

Correlations 

 SUMSDIC 

Product 

Application 

SUMSDIC Pearson Correlation 1 -.010 

Sig. (2-tailed)  .953 

Sum of Squares and Cross-

products 
212.324 -.757 

Covariance 5.898 -.021 

N 37 37 

Product Application Pearson Correlation -.010 1 

Sig. (2-tailed) .953  

Sum of Squares and Cross-

products 
-.757 36.436 

Covariance -.021 .675 

N 37 55 

  

There is no correlation between the engine component application and the successful 

development of innovative engine components.  

Summary  

 In Chapter 4, a five-step approach was used to analyse the data. The first step was to 

perform a demographic assessment in order to verify whether the number of returned survey 

instruments had sufficient information to cover the different research questions of the study.  

In the second step, analyses were performed to verify whether the Cronbach’s Alphas were 
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within an acceptable range. The transformed technical and managerial factors variables 

showed good and excellent Cronbach’s Alpha, and the Successful Development of 

Innovative engine components criterion variable showed acceptable values. The third and 

fourth steps addressed the research questions individually by performing statistical analsyses: 

descriptive analsyis, factor analysis, t-test analysis, correlation analysis, and the strength  of 

correlations using different variables. Finally, step five was to summarize the findings, 

highlighing key points and contributions based on individual research questions. 

 Chapter 5 elaborated on the conclusions found from the data analysis, 

recommendations for future studies, and implications based on the conclusions drawn from 

the study. 
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Chapter 5: Conclusions and Recommendations 

Introduction 

Chapter 5 includes a synopsis of the purpose of the study and the methodology used 

to form conclusions based on data analysis. Recommendations and implications have been 

defined through this research study.  

Summary  

 This study aimed to assess critical factors associated with the successful development 

of innovative ICE components in a North American XYZ Tier 1 supplier firm. The study 

focused on the technical and managerial organization subsystems, concentrating on technical 

and managerial employees who work primarily in technical center facilities. The study was 

designed to evaluate the topic of successful development of innovative components for ICE 

from a Tier 1 supplier firm’s perspective. It is a broad-based exploratory study that attempts 

to accomplish the following objectives: 

 1. Identify technical and managerial factors critical to the successful development of 

innovative components for internal combustion engines. 

 2. Identify associations between the technical and managerial factors. 

 3. Determine whether technical factors are more or less significant to the successful 

development of innovative components for internal combustion engines. 

 4. Establish a combination of factors that represents significant correlation with the 

successful development of innovative components for IEC. 

 5. Determine associations between the PACE award and the successful development 

of innovative components for an internal combustion engine. 
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 6. Determine whether government regulations and/or customer integration has a 

significant role in the successful development of innovative components for ICE. 

Research questions will be restated one more time, followed by the conclusions 

formed based on the individual analysis performed. At the end of the chapter an inclusive 

summary is provided. 

RQ1 – Is there a commonality of factors that is associated with successful 

development of innovative ICE components at a Tier 1 supplier firm? 

The use of a factor analysis statistical tool allowed the identification of clusters of 

items well known as potential latent variables from managerial, technical, and customer 

integration and government regulation nature. The latent variable is explained as “underlying 

unobservable variables that are reflected in the observed variables” (Institute for Digital 

Research and Education- UCLA, http://www.ats.ucla.edu/stat/spss/output/factor1.htm). 

Although common items emerge repeatedly in different factor analysis interactions, the usage 

of those items in correlation analysis did not provide the best association results with the 

successful development of innovative components. In a nutshell, the perception from the 

XYZ Tier 1 supplier firm respondents is that commonalities of factor exist but they are not 

exclusive to the managerial or technical realm. The data analysis has shown “openness” and 

“future orientation” items from the managerial constructs are significant and correlate with 

the successful development of innovative components, in most cases entrenched in Factor 1 

from factor analysis output. In the same way, the technical enabler items, from the technical 

constructs, proved to be significant and also correlate with the successful development of 

innovative components. Managerial and technical factors considered in isolation did not 

produce the highest possible correlation with the successful development of innovative 
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components for ICE. The superior results were obtained using the highest correlation factors 

from both managerial and technical. When combined, these provided the highest association 

with the successful development of innovative components. It was found that it is not 

possible to dissociate the items from both managerial and technical factors in this study in 

order to obtain superior correlation with the successful development of innovative 

components for ICE. The reasons why the managerial and technical items must be combined 

might have different roots. One can be explained by the fact that engineering and managerial 

employees work together in cross-functional teams, and in most cases current managers had 

been working exclusively in technical fields and now became managers but still retained the 

engineering background. In other words, most of the respondents in the survey instrument 

had been exposed to or worked in both technical and managerial fields. The technical and 

managerial factors are inherent core activities in the technical center operation, which 

reinforces the theory that both are essential for the successful development of innovative 

components for ICE. The composition between power that comes from the managerial 

factors and knowledge that comes from the technical factors needs to be balanced in a way 

that creates the superior correlation results reported in this study.  

The perception from the respondents of XYZ Tier 1 supplier firm is that “openness” 

items and “future orientation” items from the managerial factor standpoint are significant 

contributors for the association with the successful development of innovative components. 

The technical enabler items (knowledge management systems) and some technical capability 

items are significant from the technical factors’ point of view and paramount for the 

association with the successful development of innovative components for ICE. The items 

related to risk-taking, creativity, and proactiveness were not significant from the managerial 
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point of view. The items related to technical strength construct proved not significant in the 

association with the successful development of innovative components for ICE. 

 Another conclusion from the factor analysis was that the contribution of factors 

related to government regulations and customer integration were not significant and showed 

limited association results with successful development of innovative components for ICE. 

 The following items combined conveyed to a potential latent variable that is 

significant for the successful development of innovative development components for this 

particular XYZ Tier 1 supplier firm. The perception is that XYZ Tier 1 supplier firm should 

be responsive to change and assist with new ideas while sharing goals and visions for the 

future from the managerial perspective and while keeping stable knowledge management 

systems, which support a mix of expertise personnel who use state-of-the-art technologies 

from the technical perspective.  

RQ2 – Are technical factors more or less relevant than managerial factors to the 

successful development of ICE components at a Tier 1 supplier firm? 

The t-test analysis used to answer this research question revealed that managerial 

factors are significant with Sig (2-tailed) below 0.05 and could explain a 24.6% variation on 

the successful development of innovative components for ICE. The sum of technical factors 

could explain no more than 7%, and the correlation is not significant. The analysis also 

indicated that managerial factors have higher correlations with the sum of successful 

development of innovative components (SUMDIC) and a lower standard deviation in 

comparisom with the technical factors. The inclusion of “smean” to replace technical and 

managerial factors missed items (option available on the SPSS22) did not change the results 

of the analysis. 
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 RQ3 – What is the relationship between technical factors and the successful 

development of an innovative ICE components firm? 

 A. Technical Capabilities  

 B. Technical Strength 

 C. Technical Enabler - Knowledge Management Systems (KMS) 

The technical capabilities (TC) and technical enabler (TE) constructs from the 

technical factors realm showed the best association with the successful development of 

innovative components (SUMSDIC) with Sig (2-tailed) below 0.05 (significant). The 

technical capability factor showed a Pearson correlation of 0.399, and the technical enabler 

factor showed a Pearson of 0.353. The technical enabler factor and technical capability factor 

were found to be significant, confirming the results found in the factor analysis discussed in 

Research Question 1. Although significant correlations were found between the TC, TE, and 

TS technical factors, the technical strength (TS) showed the lowest association with 

SUMSDIC (0.190). The transformed sum of technical factors (SUMTF) explained 

approximately 7% of the variation on the successful development of innovative components 

for ICE. 

 RQ4 – What is the relationship between managerial factors and the successful 

development of innovative ICE component firm? 

 A. risk-taking  

 B. future orientation   

 C. openness  

 D. creativity 

 E. proactiveness  
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The “creativity,” “openness,” and “future orientation” items from the managerial 

factors showed Pearson correlations above 0.45 with successful development of innovative 

components (SUMSDIC) and Sig (2-tailed) below 0.05 and therefore significant. The 

creativity construct showed the highest correlations (0.599), followed by openness construct 

(0.511) and future orientation constructs (0.459). The proactiveness factor showed an 

association of 0.228, and risk-taking showed a negligible negative association (-0.053) with 

the successful development of innovative components. The transformed managerial variables 

showed an association of 0.496; therefore, the transformed sum of the managerial factor 

(SUMMF) explained approximately 25% of the variation on the successful development of 

innovative components for ICE. 

RQ5 – Does customer integration moderate the relationship between technical 

and/or managerial factors’ contribution on the successful development of ICE components 

at a Tier 1 supplier firm? 

The perception of respondents from the XYZ Tier 1 supplier firm is that the customer 

integration variable moderated the relationship between the technical factors and the 

successful development of innovative components, but it was not significant. In addition, 

customer integration moderated the relationship between the managerial factor and the 

successful development of innovative components for ICE, and it was significant.  

The results of analysis indicated that the PACE award involvement moderated the 

relationship between the technical factor and the successful development of innovative 

components for ICE, but they were not significant. The PACE award involvement did not 

moderate the relationship between the managerial factors and the successful development of 

innovative components, and it was not significant. 
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RQ6 – Do government regulations moderate the relationship between technical 

and/or managerial factors’ contribution on the successful development of ICE components 

at a Tier 1 supplier firm? 

The perception of respondents from the XYZ Tier 1 supplier firm is that government 

regulations moderated the relationship between the technical factors and the successful 

development of innovative components; results showed a significant relationship. The 

government regulations slightly moderated the relationship between managerial factors and 

the successful development of innovative components, and it was significant. In addition, the 

results indicated that PACE award involvement moderated the relationship between the 

technical factor and the successful development of innovative components, and it was not 

significant. Moreover, the study showed that the PACE award did not moderate the 

relationship between the managerial factors and the successful development of innovative 

components for ICE.  

 RQ 7 – Is there an association between demographics and the successful 

development of innovative ICE components at a Tier 1 supplier firm?  

Age Group  

Title  

Function 

Component application  

Component type 

PACE 

The results of the analysis did not show a significant association between the 

demographics variables (included on the survey instrument) and the successful development 
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of innovative components for ICE. The highest result indicated that the type of component— 

meaning pistons (aluminum/steel), engine bearings, valve seats and guides, ignition systems 

(spark plugs), liners, rings, pins, and sealing systems (gaskets)—could explain 10% of the 

variation on the successful development of innovative components.  

The analysis shows that there was no difference between the two identified groups of 

employees, one that was involved with PACE award activities and the other that was not, in 

relation to the successful development of innovative components for ICE. The results 

indicated that there was no statistical significance (Tables 86/87).  There was a positivte 

correlation betwen the PACE and function and a negative correlation between the PACE and 

the product application. It is important to mention that the PACE award is a post facto 

evaluation, which provides recognition of a technology that has already been deployed and 

recognized by the customer and the market. 

RQ 8 – Are the automotive applications more or less frequent than truck 

applications on the successful development of innovative ICE components at a Tier 1 

supplier firm? 

The number of respondents (employees) from the XYZ Tier 1 supplier firm working 

in automotive engine application was twelve. There were an equivalent number of employees 

working on truck engine application. The number of respondents (employees) working in 

both automotive and/or truck applications was approximately three times more than with 

individual application.  

There was no correlation between the engine component application and the 

successful development of innovative engine components for ICE. 
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Conclusions 

 The factor analysis was a powerful exploratory statistical tool used in this particular 

study, which provided an approximation of structure that exists between variables. The factor 

analysis revealed potential latent variables that helped in the investigation of the research 

questions and subsequent data analysis. 

The factors present from the managerial perspective can be summarized as follows: 

several items of openness constructs consistently emerged from the analysis showing the 

importance of expanding from individuals to an organizational environment with managers 

who support innovation and encourage its adoption rather than resist it. The openness factor 

was constantly coupled with future orientation elements supporting the organization’s 

readiness for change and the positioning of the organization to work on changes; it represents 

a clear sense of direction that managers have regarding the business and how it has been 

shared with employees of the XYZ Tier 1 supplier firm. There was one item in the creativity 

construct related to management that emerged isolated and appears to be significant. This is 

related to how the organization provides an environment that promotes an employee’s ability 

to function creatively, which results in respect from leadership. The combination of those 

emerged managerial factors is significant but did not provide the highest association score 

with the successful development of innovative products. The managerial transformed 

variable shows a correlation of 0.496. The transformed sum of managerial factor (SUMMF) 

can explain about a 25% variation on the successful development of innovative components 

for ICE. It was necessary to couple the managerial factors with the technical factor in order 

to obtain the best association results with the successful development of innovative 

components for ICE. 
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The factors present from the technical perspective can be summarized as follows: the 

items of technical enabler constructs related to the knowledge management systems 

consistently showed up in the different analyses, confirming that the organization’s ability to 

allow explicit knowledge to be created, stored, retrieved, and transferred to other members in 

the organization is significant. Few items associated with the technical capabilities also 

appear to be significant and are related to a good mix of technical expertise in the 

organization with aptitude to use adequate state-of-the-art technologies. The transformed sum 

of technical factors (SUMTF) can explain about 7% of the variation on the successful 

development of innovative components for ICE. The adoption of technical factors isolated 

did not draw the best association with the successful development of innovative components 

for ICE. In order to achieve the best association results, it was necessary to couple the 

technical factors with the managerial factor.  

The fact that it was necessary to mix elements of managerial and technical constructs 

to develop a combined latent variable that provided superior results with the successful 

development of innovative components reinforces the principles of socio-technical theory 

that organization subsystems must work in tandem for the best organization results. 

The following factors from the managerial perspective did not appear to be 

significant: risk-taking, which is the act of doing something that involves danger or risk in 

order to achieve a goal, and proactiveness, which is an organization’s pursuit of business 

opportunities, whether related or unrelated to its present product lines, coupled with the 

aggressive posturing relative to competitors. Both cases showed a good association with the 

other managerial factors but did not emerge as a noteworthy factor when correlated with the 

successful development of innovative components for ICE. Most likely the risk-taking and 
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proactiveness would be more significant if the survey instrument were directed to 

organization strategic assessment. The items related to technical strength associated with the 

measurement of an organization’s technological investment in development, an 

organization’s productive investment in R&D, and comparison against major competitors did 

not appear to be significant. Arguably, the technical center’s respondents who work 

specifically on the engineering daily technical challenges might not have the in-depth 

knowledge related to the technological investments and a competitor’s full assessment. 

The PACE award did not present a substantial correlation with the successful 

development of innovative components; however, it changed  the relationship between the 

technical factors and successful development of innovative components for ICE. It is 

essential to mention that the PACE award is a post facto evaluation, which provides 

recognition of a technology that has already been deployed and recognized by the customer 

and the market. The PACE award did not drive the innovation process development in the 

front end of innovation; however, it collects information related to success technology 

deployment in the back end and recognizes it. That said, it is irrefutable that the PACE award 

creates an ongoing internal question dialogue among the technology cross function teams 

looking for the next potential technology, suitable to compete in the next year’s PACE award 

event. It confirmed the  findings that the PACE changed the association  between the 

technical factors and the successful development of innovative components for ICE.  

Customer integration did not show significant correlations with the successful 

development of innovative components but moderated the relationship between the technical 

or managerial factors’ association with the successful developoment of innovative 

components for ICE. In the literature review (Chapter 2), it was found that the customer 
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integration impact on innovation, particularly in the automotive industry, can be positive or 

negative, depending on the customer and supplier relationship. Even though the previous 

studies had been conducted mostly using the customers’ perception, the present study based 

on the supplier perception confirmed that the customer integration can indeed be not 

effective and/or can be negative in nature. It supported the Lau et al. 2010 statement that 

“external integration processes on product innovation are much more uncertain in literature. 

Some suggest that supplier and customer integration are positively related”, but by contrast 

“other argues that product innovation may be constrained by supplier and customer 

integration (p. 762). Occasionally the response can be negative because it leads to limited 

strategic choices in product development or engagement with customers that are not 

embracing innovation. 

The government regulations did not show significant correlation with the successful 

development of innovative components but moderated the relationship between the technical 

or managerial factors’ association with the successful development of innovative components 

for ICE. 

 In summary, a number of statistical tools were used to narrow the technical and 

managerial factor contributions to the succesful development of innovative components for 

ICE. It was found that the contribution was not limited to one isolated factor but a 

combination of factors that together promoted good correlation with the successful 

development of innovative components for ICE. From the managerial perpsective, “openess” 

and “future orientation” were important factors, but when combined with specific technical 

enabler factors increased the correlation value and were statistically significant. The 

combined items—openness 1 (“In this organization assistance in developing new ideas is 
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readily available”), openness 2 (“This organization is open to changes”), future orientation 2 

(“This organization conveys a clear sense of future direction to employees”), creativity 4 (“In 

this organization our ability to function creatively is respected by the leadership”), technical 

enabler 4 (“In this organization the Knowledge Management System provides rapid 

responses”), and technical capability 5 (“My work group has access to adequate state-of-the-

art technologies”)—suggested that it was possible to optimize the association that can explain 

a 52.9% variation of successful development of innovative components for ICE.  

Recommendation for Future Research 

The results of this study are significant since it reinforces the existence of essential 

items from the managerial and technical realm that are associated with the successful 

development of innovative components. The following recommendation resulting from this 

study should be considered: 

1. Expand the application of the developed survey instrument to other similar Tier 1 

suppliers that develop components for internal combustion engines in order to validate the 

conclusions drawn from this case study.  

2. Consider future studies also in Tier 1 suppliers abroad to verify and confirm 

whether the identified factors are common between NA and other global Tier 1 suppliers that 

work with similar ICE components. 

3. Consider a similar study for Tier 1 suppliers who develop components not directly 

related to ICE but part of the automotive application.  

4. Expand the study to other subsystems in the organization; for example, include the 

production subsystem, the maintenance subsystem, and the supportive subsystem, to compare 
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and contrast the organization’s perspective from different populations inside the 

organization. 

5. Expand the study to members of automotive supplier associations to understand the 

typical trends in this industry. 

6. Expand the study to confirm the impact of customer integration association with 

the successful development of innovative components in other Tier 1 supplier firms. 

7. Expand the study to confirm the impact of government regulations’ association 

with the successful development of innovative components in other Tier 1 supplier firms. 

8. Add additional questions/statements on the survey instrument that represent the 

latent variable clustered on the significant items from the factors analysis and verify whether 

the correlation is greater than the ones reported in this present study. 

Implications 

 In general, the studies in the area of product development innovation are concentrated 

on the automotive customer’s perception. Though this study was focused narrowly on the 

managerial and technical subsystems of a XYZ Tier 1 supplier firm, the findings have 

implications beyond this particular firm. They open the discussion to review and consolidate 

the main combined factors from either the managerial or technical realm that drives the 

process of innovation from the supplier’s perspective. The consolidation of such factors 

would help to better understand the balance between power and knowledge in the Tier 1 

supplier’s technical centers and promote the best association with the successful development 

of innovative components for ICE. 

In addition, the study opens the discussion to review the effect of customer 

integration related to innovation within supplier perspective and verify whether the 
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correlations with the successful development of innovative components follow the same 

expectations from the customer’s perspective.  

 The study also has implications related to the government regulation where the 

correlation with the successful development of innovative components showed not being 

significant from the supplier technical center perspective, raising the question of how 

government needs might be better communicated to the Tier 1 supplier base  
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Appendix A – Human Subjects Approval Request Form 

 

 

 

 

 

 

The Eastern Michigan Human Subjects Approval Request Form is available for download at: 

http://www.ord.emich.edu/downloads/downloads_subdir/humansubjects 

/emu_forms/UHSRC_app_iform.pdf 
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Appendix C – Survey Instrument Consent 

Informed Consent Form 

The person in charge of this study is Carmo Ribeiro. Carmo Ribeiro is a student at Eastern Michigan 
University. His faculty adviser is Dr. Daniel Fields. Throughout this form, this person will be referred 
to as the “investigator.” 

Purpose of the study The purpose of this research study is to investigate the association of technical 
and managerial factors to the successful development of innovative ICE components at a Tier 1 
supplier firm.  

What will happen if I participate in this study? 

Participation in this study involves answering a survey instrument that might take about 20 minutes.   

What are the anticipated risks for participation? 

There are no anticipated physical or psychological risks to participation. The primary risk of 
participation in this study is a potential loss of confidentiality. You not have to answer any questions 
that make you uncomfortable or that you do not want to answer. 

Are there any benefits to participating? 

You will not directly benefit from participating in this research. 

The identification of critical managerial and or technical factors related to product innovation will 
benefit Tier 1 suppliers’ organization in regards to resources managing. The contribution of this 
research is that it will center on the supplier perspective and investigate the specific ways in which 
innovation occurs from inside out.  

What are the alternatives to participation? 

The alternative is not to participate. 

How will my information be kept confidential? 

We will keep your information confidential by using a code to label data with the code linked to 
identifiable information in a key stored separately from data. Your information will be stored in a 
password protected computer. We will make every effort to keep your information confidential; 
however, we cannot guarantee confidentiality. There may be instances where research oversight 
officials have access to ensure participant protections, but this should occurs, no personally 
identifying information would be provided. 

The results of this research may be published or used for teaching. Identifiable information will not be 
used for these purposes. 

Storing study information for future use 
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We would like to store your information from this study for future use related to Technology 
Management. Your information will be labeled with a code and not your name. Your information will 
be stored in a password-protected or locked file. Your de-identified information may also be shared 
with researchers outside of Eastern Michigan University. Please initial below whether or not you 
allow us to store your information: 

__________Yes   ___________No 

Are there any costs to participation? 

Participation will not cost you anything. 

Will I be paid for participation? 

You will not be paid to participate in this research study. 

Study contact information 

If you have any questions about the research, you can contact the Principal Investigator, Carmo 
Ribeiro, at cribeiro@emich.edu or by phone at 734 3554719. You can also contact Dr. Daniel Fields, 
at dfields@emich.edu or by phone at 734 487 3102. 

For questions about your rights as a research subject, contact the Eastern Michigan University Human 
Subjects Review Committee (UHSRC) at human.subjects@emich.edu or by phone at 734-487-3090.  

Voluntary participation 

Participation in this research study is your choice. You may refuse to participate at any time, even 
after signing this form, with no penalty or loss of benefits to which you are otherwise entitled. You 
may choose to leave the study at any time with no loss of benefits to which you are otherwise entitled. 
If you leave the study, the information you provided will be kept confidential. You may request, in 
writing, that your identifiable information be destroyed. However, we cannot destroy any information 
that has already been published. 

Statement of Consent 

I have read this form. I have had an opportunity to ask questions and am satisfied with the answers I 
received. I give my consent to participate in this research study. 

Signatures  

Name of Subject 

Signature of Subject  Date 

Name of Research Assistant  

Signature of Research Assistant  Date 
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Appendix D – Survey Instrument 

 

Understanding the Relationship between Technical and Managerial 

Factors and Product Innovation at a Tier 1 Engine Supplier 

This is an anonymous survey instrument. Please complete each item to the best of your 
knowledge. Responses are neither right nor wrong, and no individual judgments will be 
made. Your responses will be kept in absolute confidence and used only to compile 
cumulative statistics for this study. Please highlight and check the box that best applies. 

Age Group:   under 25 
 26-35 
 36-50 
 51-65 
 over - 65 

 
I am working as:   Director/Manager 

 Engineer 
 Technical Specialist 
 Other: ____________________ 

 
I work in:    Product 

 R&D/Technology   
 Design 
 Tests (lab/engine)  
 Simulation/Analysis 
 Materials 
 Application  
 Other: ____________________ 

 
I work in  
components for:   Auto engine 

 Truck engine 
 Both auto & truck engines 

 
I work in:   Engine Bearings 

 Lighting   
 Ignition Systems   
 Engine Rings  
 Engine Liners 
 Aluminum Pistons 
 Steel Pistons   
 Valve Seat and Guides  
 Sealing Systems 
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 Systems Protection  
 Other: ____________________ 

 
I am/was involved in a PACE Award recognized component:    Yes 

 No 
 

For each statement below please high light and check the box that best applies.    
      

Statement Strongly 
Disagree 

Somewhat 
Disagree 

Neutral 
Somewhat 

Agree 
Strongly 

Agree 
I Don’t 
Know 

1 
One of this organization greatest strength 
is the development of technically superior 
engine components.  

      

2 
In this organization the Knowledge 
Management System is easy for anyone to 
use. 

      

3 
In the last five years our firm has 
increased knowledge and skills for 
familiar products and technologies. 

      

4 
In this organization the Knowledge 
Management System is stable, without 
any interruption. 

      

5 We have a good mix of technical expertise 
within our work group in our organization. 

      

6 
In this organization the Knowledge 
Management System is available 
whenever is needed. 

      

7 
One of our greatest strengths is the ability 
to use expertise in a technical or 
functional area.  

      

8 
In this organization the Knowledge 
Management System provides rapid 
responses. 

      

9 My work group has access to adequate 
state-of-the-art technologies. 

      

10 
This organization has a higher level of 
annual R&D expenditures in comparison 
with the largest competitor. 

      

11 
This organization has higher proprietary 
technology strength in comparison with 
the largest competitor. 

      

12 There is encouragement for patent 
initiatives in our organization. 

      

13 This organization has the appropriate 
technical knowledge to compete. 

      

14 In this organization creative solutions are 
often adopted. 

      

15 
This organization uses government 
regulations to develop component road 
maps. 

      

16 
In this organization we are constantly 
looking to develop and offer new or 
improved products.  
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17 Our products require integrating the 
customer into the value-creation process. 

      

18 In this organization managers are expected 
to be resourceful problem solvers. 

      

19 

Our products require regular discussions 
with the customers during the 
development process. 
 

      

Statement Strongly 
Disagree 

Somewhat 
Disagree 

Neutral 
Somewhat 

Agree 
Strongly 

Agree 
I Don’t 
Know 

20 
In this organization managers usually take 
the initiative by introducing new 
administrative techniques.  

      

21 Most of the products introduced in the 
past few years relied on new technology.  

      

22 
In this organization managers are always 
searching for fresh new ways of looking at 
problems 

      

23 Government regulations are discussed 
during component development meetings.  

      

24 
This organization effectively ensures that 
all managers and employees share the 
same vision of the future.  

      

25 
Most of the products introduced in the 
past few years have been well accepted by 
our customer.  

      

26 
This organization has a realistic vision of 
the future for all departments and 
employees. 

      

27 
Our recently developed product 
introductions have been successful in 
terms of market share.  

      

28 
This organization encourages innovative 
strategies, knowing well that some will 
fail. 

      

29 
Most of the people working in 
development are aware that components 
need to meet government regulations. 

      

30 Our customers are involved in the value-
creating process right from the start. 

      

31 
This organization likes to implement plans 
only if they are very certain that they will 
work. 

      

32 
Our recently developed product 
introductions have been successful in 
terms of customer satisfaction.  

      

33 

In this organization managers take the 
initiative in an effort to shape the 
environment to the organization’s 
advantage. 

      

34 In this organization our ability to function 
creatively is respected by the leadership.  

      

35 In this organization managers are often the 
first to introduce new ideas. 

      



 169 

36 

In this organization managers are 
encouraged to use original approaches 
when dealing with problems in the 
workplace. 

      

37 
In this organization managers are 
constantly seeking new opportunities for 
the organization. 

      

38 
This organization establishes a realistic set 
of future goals for itself. 
 

      

Statement Strongly 
Disagree 

Somewhat 
Disagree 

Neutral 
Somewhat 

Agree 
Strongly 

Agree 
I Don’t 
Know 

39 
This organization is always moving 
toward the development of new concepts,  
ideas, and approaches. 

      

40 
This organization likes to take big risks. 

      

41 In this organization assistance in 
developing new ideas is readily available. 

      

42 This organization does not like to play it 
safe  

      

43 This organization conveys a clear sense of 
future direction to employees. 

      

44 
This organization is open to changes. 

      

45 This organization is responsive to 
changes. 

      

46 This organization believes that higher 
risks are worth taking for higher payoffs. 

      

47 This organization has a reputation of 
being innovative. 

      

Thank you for your time and participation.  

Technology Capability – based on Kyrgidou, (2013).  

Technology Strength – based on Matsuno, (2014) (reflective construct).  

Knowledge Management Systems (Technical Enabler) – based on Choi et.al (2008). 

Managerial Innovation Climate – based on Ruvio et.al. (2014) plus Song (2014).  

Customer integration – based on Stock  (2013).  

Successful development of innovative ICE component – scale based on Benedetto (1999) / Song (2014). 

[Note: the construct names will be removed and the questions will be mixed up prior to 
survey administration]. 
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Appendix E – PI - Research Study Introduction 

 

Fellow, 
 

As part of completing my PhD program in Technology Management, I 
need your assistance to provide information comprise of technical and 
managerial nature. The input will be used to address research questions 
associated with my dissertation on "Understanding the Relationship between 
Technical and Managerial Factors and Product Innovation at a Tier 1 Engine 
Supplier". The purpose of the study is to bring into perspective the way a 
“XYZ” Tier 1 supplier balances the participation of technical and managerial 
factors to be more innovative. 

I need your input by completing a short internal survey. The survey does 
not require any identifying personal information and will be distributed 
electronically by a Research Assistant next few days including an informed 
consent form. I avoid to use the internet survey packages (e.g. survey Monkey) 
in order to preserve the email addresses.  

 
Your input is important in this process and any information provided will 

be kept confidential, and used exclusively for the purpose of the research. If you 
are interested in the results, please contact me and I will be glad to share the 
conclusions when become available. 
 

Thank you for participating. I really appreciate your assistance in this 
process. 
 
 
Carmo Ribeiro, MLS, NPDP 
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Appendix F – RA - Research Study Introduction 

Hello, 

My name is XXX YYY and I am a summer intern working on the Steel Piston team 
at Plymouth Technical Center. 

I am writing this as a follow up to the email Carmo Ribeiro sent out last week 
regarding his study concerning “Understanding the Relationship between Technical and 
Managerial Factors and Product Innovation at a Tier 1 Engine Supplier.” Attached to this 
email is a copy of a survey (for data collection purposes) and a consent form. Your input is 
very important in this process and any information provided will be kept strictly confidential 
and used solely for research purposes. The survey does NOT request any identifying personal 
information. If you choose to aid Carmo in this endeavor, you may send me your completed 
survey electronically by June 5th. I can also come to pick them personally if it is more 
convenient.  

When filling out the survey keep the following in mind: 

1. Mark your answers by selecting the box adjacent to the response you wish to 
choose, highlighting the desired box, and replacing it with an “x.” 

2. By submitting a completed copy of the survey you are considered to be 
automatically agreeing with the information on the consent form and do NOT 
need to return a signed document. 

 

Thank you for your support, 

XXX YYY 
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Appendix G – Detailed Demographics Charts 

Frequency Table

Frequency Percent Valid Percent
Cumulative 

Percent

Director/Manager 22 40.0 40.0 40.0

Technical 
Specialist/Engineer 32 58.2 58.2 98.2

Other 1 1.8 1.8 100.0

Total 55 100.0 100.0

Frequency Percent Valid Percent
Cumulative 

Percent

under 25 1 1.8 1.8 1.8

26-35 12 21.8 21.8 23.6

36-50 17 30.9 30.9 54.5

51-65 22 40.0 40.0 94.5

over 65 3 5.5 5.5 100.0

Total 55 100.0 100.0

Frequency Percent Valid Percent
Cumulative 

Percent

Product 7 12.7 12.7 12.7

R&D/Technology 18 32.7 32.7 45.5

Design 1 1.8 1.8 47.3

Test (lab/engine) 4 7.3 7.3 54.5

Simulation/Analysis 1 1.8 1.8 56.4

Application 14 25.5 25.5 81.8

Multiple Function 10 18.2 18.2 100.0

Total 55 100.0 100.0

Frequency Percent Valid Percent
Cumulative 

Percent

Auto Engines 12 21.8 21.8 21.8

Truck Engines 12 21.8 21.8 43.6

Both Auto and Truck 
Engines 31 56.4 56.4 100.0

Total 55 100.0 100.0

Frequency Percent Valid Percent
Cumulative 

Percent

engine bearings 2 3.6 3.6 3.6

ignition systems 3 5.5 5.5 9.1

engine rings 2 3.6 3.6 12.7

aluminum pistons 3 5.5 5.5 18.2

steel pistons 14 25.5 25.5 43.6

valve seat and guides 1 1.8 1.8 45.5

sealing systems 11 20.0 20.0 65.5

multiple products 19 34.5 34.5 100.0

Total 55 100.0 100.0

Frequency Percent Valid Percent
Cumulative 

Percent

YES 28 50.9 50.9 50.9

NO 26 47.3 47.3 98.2

99 1 1.8 1.8 100.0

Total 55 100.0 100.0

Valid

PACE Award involvment

Valid

Valid

Product Application

Valid

Type of Component

Age Group

Valid

Function

Management or Engineer

Valid
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Appendix H – Detailed Cronbach’s Alpha Analysis 

RELIABILITY 
VARIABLES=TECAPA1 TECAPA2 TECAPA3 TECAPA4 TECAPA5 TECAPA6 TECHSTREN1 
TECHSTREN2 KMS1 KMS2 KMS3 KMS4 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 

Case Processing Summary 

 N % 

Cases Valid 27 49.1 

Excludeda 28 50.9 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.831 12 

---------------------------------------------------------------------------------------------------------------- 
RELIABILITY 
VARIABLES=MANCREATE1 MANCREATE2 MANCREATE3 MANCREATE4 MANCREATE5 
MANCREATE6 MANCREATE7 MANOPEN1 MANOPEN2 MANOPEN3 MANOPEN4 MANORIENT1 
MANORIENT2 MANORIENT3 MANORIENT4 MANRISKT1 MANRISKT2 MANRISKT3 MANRISKT4 
MANPROACT1 MANPROACT2 MANPROACT3 MANPROACT4 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 

Case Processing Summary 

 N % 

Cases Valid 34 61.8 

Excludeda 21 38.2 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.912 23 

---------------------------------------------------------------------------------------------------------------- 
RELIABILITY 
VARIABLES=TECAPA1 TECAPA2 TECAPA3 TECAPA4 TECAPA5 TECAPA6 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 
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Scale: ALL VARIABLES 
Case Processing Summary 

 N % 

Cases Valid 51 92.7 

Excludeda 4 7.3 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.735 6 

---------------------------------------------------------------------------------------------------------------- 
RELIABILITY 
VARIABLES=TECHSTREN1 TECHSTREN2 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 

Case Processing Summary 

 N % 

Cases Valid 33 60.0 

Excludeda 22 40.0 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.644 2 

---------------------------------------------------------------------------------------------------------------- 

RELIABILITY 
VARIABLES=KMS1 KMS3 KMS2 KMS4 
SCALE'ALL VARIABLES') 
ALL/MODEL=ALPHA. 

Scale: ALL VARIABLES 
Case Processing Summary 

 N % 

Cases Valid 42 76.4 

Excludeda 13 23.6 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 



 175 

Reliability Statistics 

Cronbach's Alpha N of Items 

.907 4 

---------------------------------------------------------------------------------------------------------------- 
RELIABILITY 
VARIABLES=MANCREATE1 MANCREATE3 MANCREATE5 MANCREATE7 MANCREATE2 
MANCREATE4 MANCREATE6 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 

Scale: ALL VARIABLES 
Case Processing Summary 

 N % 

Cases Valid 45 81.8 

Excludeda 10 18.2 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.759 7 

---------------------------------------------------------------------------------------------------------------- 

RELIABILITY 
VARIABLES=MANOPEN1 MANOPEN2 MANOPEN3 MANOPEN4 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 

Scale: ALL VARIABLES 
Case Processing Summary 

 N % 

Cases Valid 49 89.1 

Excludeda 6 10.9 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.846 4 

---------------------------------------------------------------------------------------------------------------- 
RELIABILITY 
VARIABLES=MANORIENT1 MANORIENT2 MANORIENT3 MANORIENT4 
SCALE'ALL VARIABLES') 
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ALL MODEL=ALPHA. 

Scale: ALL VARIABLES 
Case Processing Summary 

 N % 

Cases Valid 48 87.3 

Excludeda 7 12.7 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.813 4 

---------------------------------------------------------------------------------------------------------------- 
RELIABILITY 
VARIABLES=MANRISKT2 MANRISKT3 MANRISKT4 MANRISKT1 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 

Scale: ALL VARIABLES 
Case Processing Summary 

 N % 

Cases Valid 50 90.9 

Excludeda 5 9.1 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.723 4 

---------------------------------------------------------------------------------------------------------------- 
RELIABILITY 
VARIABLES=MANPROACT1 MANPROACT2 MANPROACT3 MANPROACT4 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 

Scale: ALL VARIABLES 
Case Processing Summary 

 N % 

Cases Valid 47 85.5 

Excludeda 8 14.5 

Total 55 100.0 
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a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.678 4 

---------------------------------------------------------------------------------------------------------------- 
RELIABILITY 
VARIABLES=GOVEREG1 GOVEREG2 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 

Scale: ALL VARIABLES 

Case Processing Summary 

 N % 

Cases Valid 38 69.1 

Excludeda 17 30.9 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.547 2 

---------------------------------------------------------------------------------------------------------------- 
RELIABILITY 
VARIABLES=CUSTINTE1 CUSTINTE2 CUSTINTE3 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 

Scale: ALL VARIABLES 
Case Processing Summary 

 N % 

Cases Valid 44 80.0 

Excludeda 11 20.0 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.542 3 

---------------------------------------------------------------------------------------------------------------- 
 
 



 178 

RELIABILITY 
VARIABLES=DEVEINNO1 DEVEINNO2 DEVEINNO3 DEVEINNO4 
SCALE'ALL VARIABLES') 
ALL MODEL=ALPHA. 

Scale: ALL VARIABLES 
Case Processing Summary 

 N % 

Cases Valid 37 67.3 

Excludeda 18 32.7 

Total 55 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

Reliability Statistics 

Cronbach's Alpha N of Items 

.687 4 
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Appendix I – Detailed one sample “t” test 

Lower Upper

PACE Award involvement 21.586 53 .000 1.481 1.34 1.62

Age Group 26.028 54 .000 3.255 3.00 3.51

Function 11.965 54 .000 4.455 3.71 5.20

Management or Engineer 22.784 54 .000 1.618 1.48 1.76

Product Application 21.176 54 .000 2.345 2.12 2.57

Type of Component 22.048 54 .000 8.200 7.45 8.95

TC1 36.659 53 .000 4.315 4.08 4.55

TC2 44.022 53 .000 4.296 4.10 4.49

TC3 33.553 53 .000 3.963 3.73 4.20

TC4 49.939 54 .000 4.600 4.42 4.78

TC5 27.824 54 .000 3.636 3.37 3.90

TC6 35.761 52 .000 4.170 3.94 4.40

TS1 14.550 32 .000 2.606 2.24 2.97

TS2 21.118 42 .000 3.372 3.05 3.69

TS3 26.669 53 .000 4.019 3.72 4.32

TE1 18.323 45 .000 3.217 2.86 3.57

TE2 15.806 49 .000 2.740 2.39 3.09

TE3 17.191 44 .000 2.711 2.39 3.03

TE4 15.751 47 .000 2.667 2.33 3.01

MANCR1 28.678 53 .000 3.648 3.39 3.90

MANCR2 34.628 52 .000 4.094 3.86 4.33

MANCR3 46.449 54 .000 4.291 4.11 4.48

MANCR4 28.261 53 .000 3.815 3.54 4.09

MANCR5 37.121 53 .000 3.852 3.64 4.06

MANCR6 24.049 48 .000 3.163 2.90 3.43

MANCR7 34.189 54 .000 3.873 3.65 4.10

MANOP1 21.857 51 .000 3.327 3.02 3.63

MANOP2 21.533 52 .000 3.321 3.01 3.63

MANOP3 32.583 54 .000 3.564 3.34 3.78

MANOP4 21.951 52 .000 3.170 2.88 3.46

MANFO1 25.718 49 .000 3.540 3.26 3.82

MANFO2 23.601 54 .000 3.382 3.09 3.67

MANFO3 21.275 53 .000 3.185 2.88 3.49

MANFO4 26.185 51 .000 3.385 3.13 3.64

MANRT1 21.448 50 .000 2.706 2.45 2.96

MANRT2 24.908 51 .000 3.577 3.29 3.87

MANRT3 16.429 53 .000 2.130 1.87 2.39

MANRT4 19.261 53 .000 2.333 2.09 2.58

MANRT5 22.018 47 .000 3.167 2.88 3.46

MANPA1 29.258 50 .000 3.588 3.34 3.83

MANPA2 27.955 49 .000 3.580 3.32 3.84

MANPA3 22.299 51 .000 3.000 2.73 3.27

MANPA4 20.677 50 .000 2.980 2.69 3.27

GR1 27.486 40 .000 3.780 3.50 4.06

GR2 18.441 45 .000 2.913 2.59 3.23

GR3 28.365 46 .000 4.043 3.76 4.33

CUSTINTE1 30.589 47 .000 4.021 3.76 4.29

CUSTINTE2 41.729 52 .000 4.321 4.11 4.53

CUSTINTE3 25.221 48 .000 3.204 2.95 3.46

SDIC1 27.396 53 .000 3.722 3.45 3.99

SDIC2 41.994 51 .000 4.212 4.01 4.41

SDIC3 34.600 41 .000 4.119 3.88 4.36

SDIC4 42.836 48 .000 4.143 3.95 4.34

SUMTC 57.190 51 .000 17.13462 16.5331 17.7361

SUMTS 19.941 32 .000 5.90909 5.3055 6.5127

SUMTE 18.530 41 .000 11.47619 10.2255 12.7269

SUMMANCR 46.206 44 .000 26.91111 25.7373 28.0849

SUMMANOP 26.863 48 .000 13.26531 12.2724 14.2582

SUMMANFO 27.933 47 .000 13.37500 12.4117 14.3383

SUMMANRT 27.034 49 .000 10.64000 9.8491 11.4309

SUMMANPA 33.943 46 .000 13.29787 12.5093 14.0865

SUMGR 27.187 37 .000 6.84211 6.3322 7.3520

SUMCUSTINTE 40.791 43 .000 11.52273 10.9530 12.0924

SUMSDIC 40.413 36 .000 16.13514 15.3254 16.9449

SUMTF 32.552 26 .000 42.66667 39.9725 45.3609

SUMMF 34.334 33 .000 77.17647 72.6033 81.7496

Test Value = 0

t df Sig. (2-tailed) Mean Difference

95% Confidence Interval of the 
Difference
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Appendix J – T test comparison Technical Factor versus Managerial Factors 
 
DATASET ACTIVATE DataSet1 
T-TEST 
TESTVAL=0 
MISSING=ANALYSIS 
VARIABLES=SUMTECHNICAL SUMMANAGERIAL 
CRITERIA=CI.95) 

T-Test 
One-Sample Statistics 

 N Mean Std. Deviation Std. Error Mean 

SUMTF 27 42.6667 6.81063 1.31071 

SUMMF 34 77.1765 13.10672 2.24778 

One-Sample Test 

 

Test Value = 0 

t df Sig. (2-tailed) Mean Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

SUMTF 32.552 26 .000 42.66667 39.9725 45.3609 

SUMMF 34.334 33 .000 77.17647 72.6033 81.7496 
 
T-TEST 
TESTVAL=0 
MISSING=LISTWISE 
VARIABLES=SUMTECHNICAL SUMMANAGERIAL 
CRITERIA=CI.95) 

T-Test 
One-Sample Statistics 

 N Mean Std. Deviation Std. Error Mean 

SUMTF 17 41.4118 6.28549 1.52445 

SUMMF 17 78.6471 11.31338 2.74390 

 

One-Sample Test 

 

Test Value = 0 

t df Sig. (2-tailed) Mean Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

SUMTF 27.165 16 .000 41.41176 38.1801 44.6435 

SUMMF 28.663 16 .000 78.64706 72.8303 84.4639 

 



 181 

Appendix K – RQ 5 –Detailed Charts – Strength Correlation Analysis 

 

Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .267 

Sig. (2-tailed)  .218 

Sum of Squares and Cross-

products 
212.324 80.391 

Covariance 5.898 3.654 

N 37 23 

SUMTF Pearson Correlation .267 1 

Sig. (2-tailed) .218  

Sum of Squares and Cross-

products 
80.391 1206.000 

Covariance 3.654 46.385 

N 23 27 

Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .052 

Sig. (2-tailed)  .878 

Sum of Squares and Cross-

products 
116.200 5.364 

Covariance 6.116 .536 

N 20 11 

SUMTF Pearson Correlation .052 1 

Sig. (2-tailed) .878  

Sum of Squares and Cross-

products 
5.364 380.308 

Covariance .536 31.692 

N 11 13 
 
USE ALL 
COMPUTE filter_$=(PACE = 2) 
VARIABLE LABELS filter_$ 'PACE = 2 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
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VARIABLES=SUMDEVEINNO SUMTECHNICAL 
PRINT=TWOTAIL NOSIG 
STATISTICS DESCRIPTIVES XPROD 
MISSING=PAIRWISE 

 
Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .497 

Sig. (2-tailed)  .100 

Sum of Squares and Cross-

products 
77.438 87.333 

Covariance 5.163 7.939 

N 16 12 

SUMTF Pearson Correlation .497 1 

Sig. (2-tailed) .100  

Sum of Squares and Cross-

products 
87.333 805.500 

Covariance 7.939 61.962 

N 12 14 
 
EXECUTE. 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMTECHNICAL 
PRINT=TWOTAIL NOSIG 
STATISTICS DESCRIPTIVES XPROD 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .267 

Sig. (2-tailed)  .218 

Sum of Squares and Cross-

products 
212.324 80.391 

Covariance 5.898 3.654 

N 37 23 

SUMTF Pearson Correlation .267 1 

Sig. (2-tailed) .218  

Sum of Squares and Cross-

products 
80.391 1206.000 

Covariance 3.654 46.385 

N 23 27 
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Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .558 

Sig. (2-tailed)  .118 

Sum of Squares and Cross-

products 
86.438 52.556 

Covariance 5.763 6.569 

N 16 9 

SUMTF Pearson Correlation .558 1 

Sig. (2-tailed) .118  

Sum of Squares and Cross-

products 
52.556 344.727 

Covariance 6.569 34.473 

N 9 11 
USE ALL 
COMPUTE filter_$=(SUMCUSTINTE = 2) 
VARIABLE LABELS filter_$ 'SUMCUSTINTE = 2 (FILTER)'  
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMTECHNICAL 
PRINT=TWOTAIL NOSIG 
STATISTICS DESCRIPTIVES XPROD 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .197 

Sig. (2-tailed)  .519 

Sum of Squares and Cross-

products 
69.529 30.615 

Covariance 4.346 2.551 

N 17 13 

SUMTF Pearson Correlation .197 1 

Sig. (2-tailed) .519  

Sum of Squares and Cross-

products 
30.615 772.929 

Covariance 2.551 59.456 

N 13 14 
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FILTER OFF 
USE ALL 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
STATISTICS DESCRIPTIVES 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .496** 

Sig. (2-tailed)  .009 

N 37 27 

SUMMF Pearson Correlation .496** 1 

Sig. (2-tailed) .009  

N 27 34 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
USE ALL 
COMPUTE filter_$=(PACE = 1) 
VARIABLE LABELS filter_$ 'PACE = 1 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE. 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
STATISTICS DESCRIPTIVES 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .421 

Sig. (2-tailed)  .092 

N 20 17 

SUMMF Pearson Correlation .421 1 

Sig. (2-tailed) .092  

N 17 22 
 
USE ALL 
COMPUTE filter_$=(PACE = 2) 
VARIABLE LABELS filter_$ 'PACE = 2 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
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CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
STATISTICS DESCRIPTIVES 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .486 

Sig. (2-tailed)  .185 

N 16 9 

SUMMF Pearson Correlation .486 1 

Sig. (2-tailed) .185  

N 9 11 
 
RECODE SUMCUSTINTE (8 thru 11=1) (12 thru 15=2) 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
STATISTICS DESCRIPTIVES 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .486 

Sig. (2-tailed)  .185 

N 16 9 

SUMMF Pearson Correlation .486 1 

Sig. (2-tailed) .185  

N 9 11 
 
 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .486 

Sig. (2-tailed)  .185 

N 16 9 

SUMMF Pearson Correlation .486 1 

Sig. (2-tailed) .185  

N 9 11 
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FILTER OFF 
USE ALL 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .496** 

Sig. (2-tailed)  .009 

N 37 27 

SUMMF Pearson Correlation .496** 1 

Sig. (2-tailed) .009  

N 27 34 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
RECODE SUMCUSTINTE (8 thru 11=1) (12 thru 15=2) 
EXECUTE 
USE ALL 
COMPUTE filter_$=(SUMCUSTINTE = 1) 
VARIABLE LABELS filter_$ 'SUMCUSTINTE = 1 (FILTER)'  
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .697* 

Sig. (2-tailed)  .012 

N 16 12 

SUMMF Pearson Correlation .697* 1 

Sig. (2-tailed) .012  

N 12 15 

*. Correlation is significant at the 0.05 level (2-tailed). 
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COMPUTE filter_$=(SUMCUSTINTE =2) 
VARIABLE LABELS filter_$ 'SUMCUSTINTE =2 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .314 

Sig. (2-tailed)  .320 

N 17 12 

SUMMF Pearson Correlation .314 1 

Sig. (2-tailed) .320  

N 12 15 
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Appendix L – RQ 6 –Detailed Charts – Strength Correlation Analysis 

CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMTECHNICAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Notes 

Output Created 25-JUL-2015 14:24:56 

Comments  

Input Data C:\Users\admin\Desktop\undestand99SUM.

sav 

Active Dataset DataSet1 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in Working Data File 59 

Missing Value Handling Definition of Missing User-defined missing values are treated as 

missing. 

Cases Used Statistics for each pair of variables are 

based on all the cases with valid data for 

that pair. 

Syntax CORRELATIONS 

  /VARIABLES=SUMDEVEINNO 

SUMTECHNICAL 

  /PRINT=TWOTAIL NOSIG 

  /MISSING=PAIRWISE. 

Resources Processor Time 00:00:00.03 

Elapsed Time 00:00:00.03 

 
Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .267 

Sig. (2-tailed)  .218 

N 37 23 

SUMTF Pearson Correlation .267 1 

Sig. (2-tailed) .218  

N 23 27 
 
 
 



 189 

FREQUENCIES VARIABLES=SUMGOVEREG 
TATISTICS=RANGE MINIMUM MAXIMUM MODE 
FORMAT=LIMIT50) 
ORDER=ANALYSIS 
COMPUTE filter_$=(SUMGOVEREG = 1) 
VARIABLE LABELS filter_$ 'SUMGOVEREG = 1 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMTECHNICAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .564* 

Sig. (2-tailed)  .029 

N 21 15 

SUMTF Pearson Correlation .564* 1 

Sig. (2-tailed) .029  

N 15 16 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
USE ALL 
COMPUTE filter_$=(SUMGOVEREG = 2) 
VARIABLE LABELS filter_$ 'SUMGOVEREG = 2 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMTECHNICAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .060 

Sig. (2-tailed)  .910 

N 9 6 

SUMTF Pearson Correlation .060 1 

Sig. (2-tailed) .910  

N 6 8 

 

 



 190 

RECODE SUMGOVEREG (3 thru 6=1) (7 thru 9=2). 
EXECUTE 
USE ALL 
COMPUTE filter_$=(SUMGOVEREG =1) 
VARIABLE LABELS filter_$ 'SUMGOVEREG =1 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMTECHNICAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .564* 

Sig. (2-tailed)  .029 

N 21 15 

SUMTF Pearson Correlation .564* 1 

Sig. (2-tailed) .029  

N 15 16 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
USE ALL 
COMPUTE filter_$=(SUMGOVEREG =2) 
VARIABLE LABELS filter_$ 'SUMGOVEREG =2 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMTECHNICAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .060 

Sig. (2-tailed)  .910 

N 9 6 

SUMTF Pearson Correlation .060 1 

Sig. (2-tailed) .910  

N 6 8 
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FILTER OFF 
USE ALL 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMTECHNICAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMTF 

SUMSDIC Pearson Correlation 1 .267 

Sig. (2-tailed)  .218 

N 37 23 

SUMTF Pearson Correlation .267 1 

Sig. (2-tailed) .218  

N 23 27 

 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .496** 

Sig. (2-tailed)  .009 

N 37 27 

SUMMF Pearson Correlation .496** 1 

Sig. (2-tailed) .009  

N 27 34 

**. Correlation is significant at the 0.01 level (2-tailed). 

 
RECODE SUMGOVEREG (3 thru 7=1) (8 thru 9=2) 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE. 
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Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .496** 

Sig. (2-tailed)  .009 

N 37 27 

SUMMF Pearson Correlation .496** 1 

Sig. (2-tailed) .009  

N 27 34 

**. Correlation is significant at the 0.01 level (2-tailed). 

 
USE ALL 
COMPUTE filter_$=(SUMGOVEREG =2) 
VARIABLE LABELS filter_$ 'SUMGOVEREG =2 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
USE ALL 
COMPUTE filter_$=(SUMGOVEREG =1) 
VARIABLE LABELS filter_$ 'SUMGOVEREG =1 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .460 

Sig. (2-tailed)  .055 

N 21 18 

SUMMF Pearson Correlation .460 1 

Sig. (2-tailed) .055  

N 18 20 

 
USE ALL 
COMPUTE filter_$=(SUMGOVEREG =2) 
VARIABLE LABELS filter_$ 'SUMGOVEREG =2 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
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PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .627 

Sig. (2-tailed)  .258 

N 9 5 

SUMMF Pearson Correlation .627 1 

Sig. (2-tailed) .258  

N 5 7 

 
FILTER OFF 
USE ALL 
EXECUTE 
RECODE SUMGOVEREG (3 thru 6=1) (7 thru 9=2) 
EXECUTE 
RECODE SUMGOVEREG (3 thru 6=1) (7 thru 9=2) 
EXECUTE 
USE ALL 
COMPUTE filter_$=(SUMGOVEREG = 1) 
VARIABLE LABELS filter_$ 'SUMGOVEREG = 1 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .460 

Sig. (2-tailed)  .055 

N 21 18 

SUMMF Pearson Correlation .460 1 

Sig. (2-tailed) .055  

N 18 20 

 
USE ALL 
COMPUTE filter_$=(SUMGOVEREG = 2) 
VARIABLE LABELS filter_$ 'SUMGOVEREG = 2 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
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VARIABLES=SUMDEVEINNO SUMMANAGERIAL 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMMF 

SUMSDIC Pearson Correlation 1 .627 

Sig. (2-tailed)  .258 

N 9 5 

SUMMF Pearson Correlation .627 1 

Sig. (2-tailed) .258  

N 5 7 
 
FILTER OFF 
USE ALL 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMCUSTINTE 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMCUSTINTE 

SUMSDIC Pearson Correlation 1 -.330 

Sig. (2-tailed)  .061 

N 37 33 

SUMCUSTINTE Pearson Correlation -.330 1 

Sig. (2-tailed) .061  

N 33 44 

 
USE ALL 
COMPUTE filter_$=(PACE = 1) 
VARIABLE LABELS filter_$ 'PACE = 1 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMCUSTINTE 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMCUSTINTE 

SUMSDIC Pearson Correlation 1 -.400 

Sig. (2-tailed)  .111 

N 20 17 
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SUMCUSTINTE Pearson Correlation -.400 1 

Sig. (2-tailed) .111  

N 17 22 
 
USE ALL 
COMPUTE filter_$=(PACE = 2) 
VARIABLE LABELS filter_$ 'PACE = 2 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMCUSTINTE 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMCUSTINTE 

SUMSDIC Pearson Correlation 1 -.422 

Sig. (2-tailed)  .117 

N 16 15 

SUMCUSTINTE Pearson Correlation -.422 1 

Sig. (2-tailed) .117  

N 15 21 
 
FILTER OFF 
USE ALL 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMGOVEREG 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMGR 

SUMSDIC Pearson Correlation 1 .190 

Sig. (2-tailed)  .313 

N 37 30 

SUMGR Pearson Correlation .190 1 

Sig. (2-tailed) .313  

N 30 38 

 
USE ALL 
COMPUTE filter_$=PACE = 1) 
VARIABLE LABELS filter_$ 'PACE = 1 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
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FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMGOVEREG 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMGR 

SUMSDIC Pearson Correlation 1 .124 

Sig. (2-tailed)  .649 

N 20 16 

SUMGR Pearson Correlation .124 1 

Sig. (2-tailed) .649  

N 16 20 

 
USE ALL 
COMPUTE filter_$=(PACE = 2) 
VARIABLE LABELS filter_$ 'PACE = 2 (FILTER)' 
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'  
FORMATS filter_$ (f1.0) 
FILTER BY filter_$ 
EXECUTE 
CORRELATIONS 
VARIABLES=SUMDEVEINNO SUMGOVEREG 
PRINT=TWOTAIL NOSIG 
MISSING=PAIRWISE 

Correlations 

 SUMSDIC SUMGR 

SUMSDIC Pearson Correlation 1 .042 

Sig. (2-tailed)  .891 

N 16 13 

SUMGR Pearson Correlation .042 1 

Sig. (2-tailed) .891  

N 13 17 
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Appendix M – Overall Factor Total variance explained  

Rotation Sums 
of Squared 

Loadingsa

Total % of Variance Cumulative % Total % of Variance Cumulative % Total

1 11.085 25.194 25.194 10.616 24.127 24.127 8.543

2 3.366 7.651 32.844 2.776 6.310 30.437 2.964

3 2.928 6.654 39.499 2.421 5.502 35.939 4.731

4 2.711 6.161 45.660 2.260 5.136 41.076 5.924

5 2.416 5.492 51.151 1.894 4.305 45.381 3.271

6 2.180 4.955 56.106

7 1.688 3.837 59.943

8 1.557 3.538 63.481

9 1.352 3.074 66.555

10 1.278 2.906 69.461

11 1.161 2.640 72.100

12 1.113 2.530 74.630

13 1.020 2.318 76.948

14 .978 2.222 79.170

15 .936 2.126 81.297

16 .858 1.951 83.247

17 .813 1.848 85.095

18 .734 1.669 86.764

19 .623 1.415 88.179

20 .600 1.364 89.543

21 .558 1.267 90.811

22 .530 1.204 92.015

23 .444 1.009 93.024

24 .417 .947 93.972

25 .342 .777 94.749

26 .305 .693 95.442

27 .292 .664 96.105

28 .264 .600 96.705

29 .244 .555 97.260

30 .203 .461 97.721

31 .165 .376 98.097

32 .149 .339 98.436

33 .138 .314 98.750

34 .108 .245 98.995

35 .092 .209 99.204

36 .072 .164 99.367

37 .069 .158 99.525

38 .053 .121 99.646

39 .048 .110 99.756

40 .037 .083 99.839

41 .024 .054 99.892

42 .020 .045 99.938

43 .016 .036 99.973

44 .012 .027 100.000

a. When factors are correlated, sums of squared loadings cannot be added to obtain a total variance.
Extraction Method: Principal Axis Factoring.

Total Variance Explained

Factor

Initial Eigenvalues Extraction Sums of Squared Loadings
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Appendix N – Technical Factor Total variance explained  

Rotation Sums 
of Squared 

Loadingsa

Total % of Variance Cumulative % Total % of Variance Cumulative % Total

1 4.658 23.288 23.288 4.194 20.972 20.972 3.752

2 2.379 11.895 35.183 1.882 9.408 30.380 2.660

3 2.303 11.514 46.697 1.690 8.452 38.832 1.857

4 1.484 7.418 54.115 .875 4.376 43.208 1.466

5 1.186 5.928 60.043

6 1.075 5.375 65.418

7 .953 4.766 70.184

8 .856 4.278 74.462

9 .832 4.161 78.623

10 .732 3.658 82.281

11 .628 3.140 85.422

12 .558 2.788 88.210

13 .535 2.676 90.886

14 .451 2.255 93.141

15 .367 1.833 94.974

16 .250 1.249 96.223

17 .240 1.201 97.423

18 .221 1.105 98.528

19 .172 .858 99.386

20 .123 .614 100.000

a. When factors are correlated, sums of squared loadings cannot be added to obtain a total variance.

Total Variance Explained

Factor

Initial Eigenvalues Extraction Sums of Squared Loadings

Extraction Method: Principal Axis Factoring.
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Appendix O – Managerial Factor Total variance explained  

 

Rotation Sums 
of Squared 

Loadingsa

Total % of Variance Cumulative % Total % of Variance Cumulative % Total

1 8.655 27.920 27.920 8.187 26.411 26.411 7.775

2 2.962 9.553 37.473 2.400 7.741 34.152 2.267

3 2.528 8.156 45.629 1.954 6.302 40.454 3.583

4 1.958 6.317 51.946 1.424 4.593 45.046 2.110

5 1.641 5.294 57.240

6 1.502 4.845 62.085

7 1.277 4.120 66.205

8 1.119 3.608 69.814

9 1.064 3.433 73.246

10 1.017 3.281 76.527

11 .899 2.900 79.427

12 .742 2.394 81.822

13 .688 2.219 84.040

14 .656 2.115 86.156

15 .557 1.798 87.953

16 .544 1.754 89.707

17 .464 1.496 91.203

18 .403 1.300 92.503

19 .386 1.247 93.750

20 .307 .990 94.739

21 .280 .904 95.643

22 .254 .819 96.462

23 .237 .764 97.226

24 .180 .582 97.808

25 .158 .510 98.318

26 .127 .409 98.727

27 .119 .384 99.111

28 .101 .327 99.438

29 .080 .259 99.697

30 .059 .191 99.888

31 .035 .112 100.000

a. When factors are correlated, sums of squared loadings cannot be added to obtain a total variance.

Total Variance Explained

Factor

Initial Eigenvalues Extraction Sums of Squared Loadings

Extraction Method: Principal Axis Factoring.
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 Appendix P – Correlations of SDIC, GR, Customer integration, TF and MF  

 

Descriptive Statistics 

 Mean Std. Deviation N 

SUMSDIC 16.1351 2.42856 37 

SUMGR 6.8421 1.55140 38 

SUMCUSTINTE 11.5227 1.87379 44 

SUMTF 42.6667 6.81063 27 

SUMMF 77.1765 13.10672 34 

 

Correlations 

 SUMSDIC SUMGR SUMCUSTINTE SUMTF SUMMF 

SUMSDIC Pearson Correlation 1 .136 -.237 .267 .496** 

Sig. (2-tailed)  .473 .185 .218 .009 

N 37 30 33 23 27 

SUMGR Pearson Correlation .136 1 .399* .411* .265 

Sig. (2-tailed) .473  .019 .046 .182 

N 30 38 34 24 27 

SUMCUSTINTE Pearson Correlation -.237 .399* 1 -.040 .001 

Sig. (2-tailed) .185 .019  .851 .997 

N 33 34 44 25 30 

SUMTF Pearson Correlation .267 .411* -.040 1 .358 

Sig. (2-tailed) .218 .046 .851  .158 

N 23 24 25 27 17 

SUMMF Pearson Correlation .496** .265 .001 .358 1 

Sig. (2-tailed) .009 .182 .997 .158  

N 27 27 30 17 34 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

Table – Correlation of SUMMF and SUMSDIC 

 


