


TABLE 12 EXCERPT FROM TRACE REPORT FOR Sc (Contract) NETWORK

MODEL ELEMENT | (APPROXIMATE) VERIFICATION VALUE

h—_—'—_—

| MODEL VALUE

|

TL Contract Rates - Plant C NE =1.20-2.00 1.81
$ =1.05-1.75 1.63
SW=1.00-1.70 1.31
W =1.00-1.565 1.10
TL Contract Rates - Plant M NE=1.20-2.00 1.83
S =1.05-1.95 1.85
SW=1.00-1.75 1.24
W =1.00-1.50 1.16
Loading Duration C=0.50-1.00' C=0.578
M =0.25-0.50 M=0.367
Line Haul Transportation Duration - Plant C NE = 1.00-1.50' 1.31
S =0.25-1.00 0.42
SW=2.25-2.50 2.29
W =5.00-6.00 5.01
Line Haul Transportation Duration - Plant M NE =1.00-2.75' 1.45
S =0.50-1.00 0.85
SW=1.25-1.60 1.48
W =4.00-4.50 4.28
Transportation NE=513? 603
Distance (miles)- Plant C S =400 425
SW=1066 1070
W =2400 2390
Transportation NE = 9407 868
Distance {miles} - Plant M S =400 395
SW =580 570
W =2020 2050
Cost of Contract Negotiations, Carrier 57.00-79.8' 59.80
Selection 74.20
59.00
Cost of Monitoring CS 45.6-68.4" 54.7
61.8
66.8
Billing Costs 11.40-34.2' 32.30
17.80
20.50
Total Transaction Cost 146.80 147.00
153.80 154.00
146.30 146.00
Total Shipment Cost 1767.54 1760.00
{transaction + production) 2604.00 2600.00
2364.00 2380.00

' Minimum, Maximum from UNFRM Distribution 2 Mode from TRIAG Distribution
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Validation

Model validation consisted of two procedures. The first procedure investigated how
sensitive the model’s output statistics were to changes in the assumptions made for the
distribution of transportation distances (in miles). The model assumed that a triangular
(TRIAG) distribution represented the distances (in miles) for the four regional transportation
routes. Testing assumptions about this distribution was relevant because, given the
structure of the model, it was likely to have the most significant effect on the response
variable {(mean total shipment cost). Figure 7 demonstrates the effect on the response
variable (mean total shipment cost) of changing the form of this distribution {transportation
distance in miles) from triangular (TRIAG) to uniform (UNFRM). Because of the model’s
structure, the effects of changing the form of this distribution was tested for both the
private/leased and the contract portions of the model {(Sp Network and Sc Network). The
portion of the model {Sp or Sc) that was tested is indicated on the horizontal axis of the
graph in Figure 7. As Figure 7 indicates, changing the form of this distribution had little
effect on the response variable {(mean total shipment cost). Significance testing for
differences in the response variable (see Table 13) confirmed the model’s lack of sensitivity
to changing the form of the distribution used to represent transportation distance.

The second validation procedure was a comparison of the simulated loading and line
haul transportation costs with the loading and line haul transportation cost data supplied by
company H. Figure 8 represents graphically the differences between the actual production
cost (actual cost) and the production cost generated by the model (model cost). Since
company H is currently operating under a "mixed” structure, i.e., some of their shipments
go in private/leased carriers and some of their shipments go in contract carriers, production
costs for both conditions could be obtained for validation of the model. As Figure 8

demonstrates, there is very little difference between the actual and model production costs.
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Furthermore, Table 14 confirms that the actual and model costs are not significantly
different, since the 95% confidence intervals for the model production costs contain the

actual production cost values.

DETERMINATION OF SAMPLE SIZE

As was explained in CHAPTER lll {see Stochastic Convergence, Variance Reduction

Techniques, and Sample Size), the relative precision of the estimates of mean total shipment
cost has an impact on the power of the statistical tests of the proposed hypotheses. The
more precise li.e., the smaller the within cell variance or the standard deviation within each
cell) the estimates of mean total shipment cost are, the greater the probability of detecting a
significant result for a proposed hypothesis. The target value for the relative precision {y) of

the model’s output statistics was 0.05. The relative precision is the ratio of the half-width

of the confidence-interval (8) to the sample mean (X). Therefore, a target value of 0.05

means that the sample size should be large enough so that (6/X) does not exceed 0.05. An

initial sample size of 10 {n,=10) was chosen and the relative precision of 90% confidence

intervals was computed for each cell in the experimental design.
Table 15 contains the sample mean (X ,,,,), standard deviation (s,,), half-width of

the 90% confidence interval (6, ,,}, and relative precision (y) for each of the 16
experimental conditions. Since the relative precision for each cell (see last column,

RELATIVE PRECISION (y}) is less than the target value of 0.05 (y < 0.05 for each cell), a
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TABLE 13 SIGNIFICANCE TESTS FOR SENSITIVITY ANALYSES

i

TRANSPORTATION DISTANCE DISTRIBUTION

MEAN RESPONSES AND T-TESTS FOR TRIAG AND UNFRM

] =
Distance (TRIAG) Distance (UNFRM) t / sig
Sp 2010 1998 0.43 /ns’
Sc 1743 1724 0.82 / ns’

" Not-Significant
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TABLE 14 CONFIDENCE INTERVALS FOR MODEL VALIDATION

ACTUAL MODEL PRODUCTION | 95%

PRODUCTION COST (MEAN) CONFIDENCE

COST INTERVAL

_———————

PRIVATE/LEASED | 1871.00 1854.00 1810.47, 1897.53
CARRIERS
CONTRACT 1622.00 1544.00 15609.07, 15678.93
CARRIERS
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TABLE 15  RELATIVE PRECISION OF CELL MEANS

CELL | MEAN | STD DEV | HALF-WIDTH OF RELATIVE PRECISION (y)
(o) | S0 90% CONFIDENCE
| INTERVAL (6,0 1)

. 1 [ | - " ] ]
1 2010.0 | 62.77 11.51 0.006
2 1575.0 | 16.88 3.09 0.002
3 2078.0 | 59.30 10.87 0.005
a 1605.0 | 16.28 2.98 0.002
5 2387.9 | 53.18 9.75 0.004
6 1862.0 | 19.90 3.65 0.002
7 2379.0 | 101.53 18.61 0.008
8 1887.0 | 21.93 4.02 0.002
9 1743.0 | 51.97 9.53 0.005
10 1572.0 | 17.21 3.15 0.002
11 1712.0 | 47.71 8.75 0.005
12 1593.0 | 31.00 5.68 0.004
13 1808.0 | 74.00 13.56 0.008
14 1646.0 | 27.28 5.00 0.003
15 1784.0 | 59.20 10.85 0.006
16 1663.0 | 27.59 5.06 0.003
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sample size of 10 was sufficient for the desired relative precision.*

EXPERIVIENTAL RESULTS

This section discusses the analysis of the 2* factorial design. The first part of this
discussion includes the results of the analysis of variance, and the second part of the
discussion presents the results of the comparisons of groups and pairs of cell means that

test the a priori contrasts stated in hypotheses 1 - 7.

RESULTS: ANALYSIS OF VARIANCE

Table 17 contains the cell means (mean total shipping costs} for each of the sixteen
cells of the experimental design. The data in Table 17 was used to test the contrasts
among groups and pairs of cell means that were predicted by the seven sets of hypotheses.
Table 17 also contains the percentage of mean total shipping costs accounted for by

transaction costs (these percentages are discussed in CHAPTER V under HYPOTHESIS 2.

In Figures 9 through 15 the results of the analysis for each of the seven sets of
hypotheses are presented graphically. The solid lines in Figures 9 through 15 represent cell
means or groups of cell means with significant differences between the mean shipment cost
for private/leased carriers {(Sp) versus contract carriers (Sc). The broken lines in Figures 9

through 15 represent cell means or groups of cell means with nonsignificant differences

“The relative precision results in Table 15 appear to indicate that a sample size of 10
was more than sufficient for the desired degree of relative precision. However, Law and
Kelton's (1982) recommendation for an initial sample size was n, = 10 (see Stochastic
Convergence, Variance Reduction Technigues, and Sample Size in CHAPTER Ill}. Therefore
10 {n, = 10) was the initial sample size used in this procedure.
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between the mean shipment cost for private/leased carriers (Sp) versus contract carriers
(Sc). Superimposed in the top right corner of each graph in Figures 9 through 15 is a
smaller graph showing the pattern that was predicted by the hypothesis.

Table 16 contains the main effects and interaction results of the results of the
analysis of variance. These results indicate that the hypothesized third order interaction of
structure (S) by asset specificity {(A) by uncertainty (U) by volume (V) was not significant.
One of the hypothesized second order interactions (structure {S) by asset specificity (A) by
volume (V)) was marginally significant (0.079)}, indicating that volume modified effect of the
structure (S) by asset specificity (A) interaction. The second order interaction of structure
(S) by uncertainty (U} by volume (V) was nonsignificant, as hypothesized. The
hypothesized second order interaction of structure (S) by asset specificity (A) by uncertainty
{U) was not significant, indicating that uncertainty does not modify the first order interaction
of structure and asset specificity. Two of the hypothesized first order interactions (structure
{S) by asset specificity (A) and structure {S) by volume (V)) were significant, indicating that
the effects of structure on shipment cost depend on the level of asset specificity {low or
high) and the level of volume (low or high). The other first order interaction (structure (S)
by uncertainty {U)} was marginally significant (0.049), indicating that the effect of structure
on shipment cost depends on the level of uncertainty {low or high); this result was not

hypothesized.

RESULTS: COMPARISONS OF GROUPS AND PAIRS OF CELL MEANS

This section contains the results of the comparisons among groups and pairs of cell
means that were predicted by hypotheses 1 - 7. Two different procedures were used to

test the research hypotheses. When a hypothesis required testing a contrast among groups
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TABLE 16

ANALYSIS OF VARIANCE
DEPENDENT VARIABLE MEAN TOTAL SHIPMENT COST

SOURCE OF VARIATION

SUM OF
SQUARES

DF

MEAN
SQUARE

Within + Residual 405152.92 148 2737.52

SIGOFF

S 3200447.76 1 3200447.80 1169.10 0.000
A 1460959.51 1 1460959.50 533.68 0.000
U 5892.76 1 5892.76 2.15 0.144
\ 3902813.26 1 3902813.26 1425.67 0.000
SBY A 548309.76 1 548309.76 213.44 0.000
SBY U 10742.01 1 10742.01 3.92 0.049
SBYV 1143961.51 1 1143961.51 417.88 0.000
SBY ABYU 4505.01 1 4505.01 1.65 0.202
SBY ABYV 8541.01 1 8541.01 3.12 0.079
SBYUBYV 5892.76 1 5892.76 2.15 0.144
SBY ABYUBY YV 4295.26 1 4295.26 1.57 0.212
Model 10332360.57 11 939305.51 343.12 0.000
Total 10737513.49 159 67531.53

R-Squared = 0.962
Adjusted R-Squared = 0.959
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TABLE 17

IMIEAN TOTAL SHIPPING COST AND TRANSACTION/TOTAL
SHIPPING COST PERCENTAGE FOR EACH TREATMENT CELL’

STANDARD TRAILER

REFRIGERATED TRAILER

LOW VoL HIGH VoL LOW VoL HIGH VOL
PRIVATE/ PREDICTABLE s 20 1 O $ 'I 5 7 5 $ 2 389 $ 1 862 PREDICTABLE PRIVATE/
LEASED LOADING, LOADING, LEASED
CARRIER TRANSPOR- TRANSPOR- CARRIER
0, 0, 0 T

TaTON | (8.5%) | (9.9%) | (7.1%) | (9.2%) | TAToN

UNprE $2078 | $1605 | $2379 | $1887 | uwere

DICTABLE DICTABLE

LOADING, LOADING,

manseor | (9.0%) | (11.8%) | (8.4%) | (10%) | Tmanseor

TATION TATION

DURATION DURATION
CONTRACT PREDICTABLE $ 1 743 $ 1 572 $ 1 808 $ 1 646 PREDICTABLE CONTRACT
CARRIER LOADING, LOADING., CARRIER

TRANSPOR- TRANSPOR-

TATON | (11.8%) | (13.1%) | (11.4%) | (12.4%) | TAToN

uNprE $1712 | 81593 | $1784 | $1663 | uwre

DICTABLE DICTABLE

LOADING, LOADING,

TRaNSPOR | (1296) | (12.9%) | (11.5%) | (12.3%) | Tmansror.

DURATION DURATION

LOW VoL HIGH VOL LOW vOL HIGH VoL

STANDARD TRAILER

REFRIGERATED TRAILER

"top quantity in each cell is mean total shipping cost; quantity in

parentheses is the percentage of mean total shipping cost
accounted for by transaction costs
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of cell means, Scheffe’'s S method was used. When a hypothesis required testing a contrast

among a pair of cell means, the more powerful Fisher Least Significant Difference (LSD)

method was used. Scheffe’s method is less suitable for comparisons of cell means than

Fisher’'s LSD, because of its lack of power to detect differences between pairs of cell means

{Ott 1988).

Scheffe’'s S Test

The following procedure, from Ott (1988), was used for the comparison of groups of

cell means.

1.

| is a linear contrast among t means of the form:
| = au, + au, + ... + ay,

To test the null hypothesis, Hy: | = 0, against the alternative, H,: | = O,
use the following test statistic:

I =a)y, +ay, +...+ ay,

S = VVIVIt-1)F, 4 Where Vi) = s%, (a%,/n, + a%/n, + ...); tis the
number of cell means being compared; df, = t - 1, df, = degrees of freedom
for s2,,.

Reject H, if |T| > S.

The error rate is controlled on an experimentwise basis; the probability of
falsely observing significance when all possible contrasts are considered is o.

Fisher’'s LSD Test

For comparisons of pairs of cell means, the following procedure, suggested by Ott

{1988) was followed.

1.

If an analysis of variance suggests that at least one pair of cell means
differs, the /east significant difference (LSD) is the difference between two
cell means that is required to conclude that the corresponding population
means differ.

To test the null hypothesis, Hy: u, - y4, = O, against the alternative, H;: u, -
u, #, for a specified a (if n, = n,), compute LSD:

LSD = t,,V(2s?,/n)
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3. The error rate {probability of observing a contrast falsely significant) is a for
each pairwise contrast.

HYPOTHESES TEST RESULTS

This section reports the results of the analyses which determined which of the seven
sets of research hypotheses was supported. A discussion of these results appears in
CHAPTER V. The following protocol was used for the hypotheses tests:

1. Hypotheses requiring the testing of the mean of groups of cells were performed
using Scheffe's S procedure. Hypotheses requiring the testing of a pair of cell

means were performed using Fisher’s LSD.

2. For all comparisons, ¢ = 0.05.

H1A and H1B
H1A  Over all conditions of uncertainty and volume, the more efficient alternative
(measured by mean shipment cost) for shipments requiring standard trailers
(Al) will be contract carriers {Sc) (Al has a negative slope).
H1B  Over all conditions of uncertainty and volume, the more efficient alternative

{measured by mean shipment cost) for shipments requiring refrigerated
trailers (Ah) will be private/leased carriers (Sp) (Ah has a positive slope)

A - Mean for cells in private/leased carriers (Sp)
and low asset specificity (Al) 1817.00

B - Mean for cells in contract carriers (Sc)
and low asset specificity (Al) 1655.00

C - Mean for cells in private/leased carriers {(Sp}
and high asset specificity {Ah) 2128.98

D - Mean for cells in contract carriers {Sc)
and high asset specificity {(Ah) 1725.75

A - B not significant

C - D significant
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The analysis of variance supported the prediction of a significant interaction
between structure (S) and asset specificity (A); the effect of structure on cost depended on
the level of asset specificity (see Figure 9). However, while contract carriers were more
efficient when shipments required standard trailers, as predicted by H1A (A - B), this
difference in cost was not significant (see Figure 9).

H1B predicted shipments requiring refrigerated trailers would be more efficient if
shipped in private/leased carriers (C - D). This hypothesis was not supported. The opposite
result was obtained, i.e., contract carriers were significantly more efficient than

private/leased carriers (see Figure 9).

H2: Over all conditions of asset specificity and volume, there will be no
significant difference between the mean cost of shipments in private/leased
carriers (Sp) and the mean cost of shipments in contract carriers (Sc); this
will be true no matter what the level of operational uncertainty is {low (Ul) or
high {Uh)) (both Ul and Uh have a slope of 0)

A - Mean of cells in private/leased carriers {Sp)
and low uncertainty (Ul) 19568.73

B - Mean of cells in contract carriers (Sc)
and low uncertainty (Ul) 1692.25

C - Mean of cells in private/leased carriers (Sp)
and high uncertainty (Uh) 1987.25

D - Mean of cells in contract carriers (Sc)
and high uncertainty (Uh) 1688.00
A - B significant

C - D significant
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The analysis of variance disclosed a marginally (0.049) significant interaction
between structure {S) and uncertainty (U); this is contrary to H2, which predicted no
structure by uncertainty interaction. Also contrary to H2, there were significant differences,
for both low and high uncertainty, between the cost of private/leased carriers and the cost
of contract carriers (see Figure 9). Under both uncertainty conditions, contract carriers
were the more efficient alternative {A - B and C - D both significant). H2 was not

supported.

H3A and H3B
H3A: Over all conditions of uncertainty and asset specificity, when the volume of
shipments is low (VI), the more efficient alternative (measured by mean
shipment cost) will be contract carriers (Sc) (VI has a negative slope).
H3B: Over all conditions of uncertainty and asset specificity, when the volume of

shipments is high (Vh}, the more efficient alternative (measured by mean
shipment cost) will be private/leased carriers (Sp) (Vh has a positive slope)

A - Mean for cells in private/leased carriers (Sp)
and low volume (VI) 2213.73

B - Mean for cells in contract carriers (Sc)
and low volume (Vh) 1761.75

C - Mean for cells in private/leased carriers (Sp)
and high volume (Vh) 1732.25

D - Mean for cells in contract carriers (Sc)
and high volume (Vh) 1618.50

A - B significant

C - D not significant
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The analysis of variance revealed an interaction between structure (S) and volume

(V), which can be noted on Figure 10; The effect of structure on cost depended on the

level of shipment volume.

H3A was supported; if the volume of shipments was low, the most efficient

alternative was contract carriers (A - B). However, H3B was not supported; although the

pattern of cell means suggested that contract carriers were more efficient for a high volume

of shipments (the opposite of what was predicted), the result was not significant {see Figure

10}.

H4A and H4B
H4A
H4B

Across all volume conditions, when operational uncertainty is low (Ul) and a
shipment can go standard trailers (Al), the more efficient alternative
{measured by mean shipment cost) will be contract carriers (Sc) (Al has a
negative slope). However, if refrigerated trailers are required (Ah), the more
efficient alternative will be private/leased carriers (Sp) {Ah has a positive
slope).

Across all volume conditions, when operational uncertainty is high {Uh) and
a shipment can go in standard trailers (Al), the more efficient alternative
(measured by mean shipment cost) will be contract carriers (Sc) (Al has a
negative slope). However, if refrigerated trailers are required (Ah), the more
efficient aiternative will be private/leased carriers (Sp), and the difference (in
mean shipment cost) between private/leased carriers (Sp) versus contract
carriers {Sc) will be enhanced under high operational uncertainty (Uh)
{compare slope of Ah for H4A and H4B; slope of Ah is more positive for
H4B)

A - Mean of cells in private/leased carriers (Sp), shipped in standard trailers (Al),

under low uncertainty {Ul) 1792.50

B - Mean of cells in contract carriers {Sc), shipped in standard trailers {Al),

under low uncertainty (Ul) 1657.50

C - Mean of cells in private/leased carriers {Sp), shipped in refrigerated trailers (Ah),

under low uncertainty (Ul) 2124.95

D - Mean of cells in contract carriers (Sc), shipped in refrigerated trailers {Ah),

under low uncertainty {Ul) 1727.00
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E - Mean of cells in private/leased carriers (Sp), shipped in standard trailers (Al),
under high uncertainty {Uh) 1841.50

F - Mean of cells in contract carriers {Sc), shipped in standard trailers (Al),
under high uncertainty (Uh} 1625.50

G - Mean of cells in private/leased carriers (Sp), shipped in refrigerated trailers (Ah),
under high uncertainty (Uh) 2133.00

H - Mean of cells in contract carriers (Sc), shipped in refrigerated trailers (Ah),
under high uncertainty (Uh) 1723.50

A - B significant

C - D significant

E - F significant

G - H significant

The results of the analysis of variance indicated, contrary to the prediction of H4A
and H4B, that the interaction of structure (S) by asset specificity (A) by uncertainty (U) was
not significant. There was no difference in the pattern of the structure (S) by asset
specificity (A) interaction under low and high uncertainty (see Figure 11).

H4A predicted that, under low uncertainty: 1) contract carriers would be the more
efficient alternative when shipping in standard trailers, and 2) private/leased carriers would
be the more efficient alternative when shipping in refrigerated trailers. Although 1) was
supported (A - B), 2) was not supported (C - D). In fact, contract carriers were significantly
more efficient no matter what type of trailers were required (see Figure 11). Therefore H4A
was only partially supported.

H4B predicted that, under high uncertainty: 1) contract carriers would still be the
more efficient alternative when shipping in standard trailers, and 2) private/leased carriers
would be the more efficient alternative when products required refrigerated trailers. Again,

1) was significant and supported (E - F), but 2) was not supported (G - H). In both cases,
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contract carriers were significantly more efficient (see Figure 11). Therefore H4B was only

partially supported.

H5A and H5B

H5A: Across all conditions of operational uncertainty, when the volume of
shipments is low (VI), the more efficient alternative {measured by mean
shipment cost), for either shipments in standard trailers or shipments in
refrigerated trailers (for either Al or Ah), will be contract carriers (Sc) (slopes
of Al and Ah are negative).

H5B: Across all conditions of operational uncertainty, when the volume of
shipments is high (Vhj}, the more efficient alternative (measured by mean
shipment cost), for either shipments in standard trailers or shipments in
refrigerated trailers (for either Al or Ah) will be private/leased carriers (Sp)
(slopes of Al and Ah are positive)

A - Mean of cells in private/leased carriers (Sp), shipped in standard trailers (Al),
with low volume (VI} 2044.00

B - Mean of cells in contract carriers (Sc}, shipped in standard trailers,
with low volume (VI) 1727.50

C - Mean of cells in private/leased carriers (Sp), shipped in refrigerated trailers (Ah),
with low volume (VI) 2383.45

D - Mean of cells in contract carriers (Sc), shipped in refrigerated trailers (Ah),
with low volume (VI) 1796.00

E - Mean of cells in private/leased carriers (Sp), shipped in standard trailers (Al),
with high volume (Vh) 1590.00

F - Mean of cells in contract carriers {Sc}, shipped in standard trailers (Al),
with high volume (Vh) 1582.50

G - Mean of cells in private/leased carriers {Sp), shipped in refrigerated trailers (Ah),
with high volume (Vh}) 1874.50

H - Mean of cells in contract carriers {Sc), shipped in refrigerated trailers (Ah),
with high volume (Vh) 1654.50

170



A - B significant
C - D significant
E - F not significant

G - H significant

The analysis of variance results indicated that the second order structure (S) by
asset specificity (A) by volume (V) interaction was marginally significant (0.079}; the
pattern of the structure (S) by asset specificity (A) interaction was affected by the level of
volume (V). Evidence of this second order interaction can be seen in Figure 12.

Hb5A predicted that the most efficient alternative for a low volume of products
shipped in either standard or refrigerated trailers would be contract carriers. This prediction
was supported (A - B and C - D). Figure 12 illustrates this result.

H5B predicted that the most efficient alternative for a high volume of products
shipped in either standard or refrigerated trailers would be private/leased carriers {E - F and
G - H). H5B was not supported. There was no significant difference in the cost of shipping
in private/leased carriers and contract carriers for a high volume of shipments going in
standard trailers (E - F). For a high volume of products in refrigerated trailers, contract
carriers were significantly more efficient (G - H), the opposite of what was predicted (see

Figure 12).

H6A and H6B

HBA: Across all asset specificity conditions, when operational uncertainty is low
{Ul) and shipment volume is low (VI), contract carriers {Sc) are the more
efficient alternative (measured by mean shipment cost) (slope of Vi is
negative). However, if shipment volume is high (Vh), private/leased carriers
(Sp) are the more efficient alternative (slope of Vh is positive).
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H6B: Across all asset specificity conditions, when operational uncertainty is high
{Uh), and shipment volume is low (VI}, contract carriers {Sc} are the more
efficient alternative (measured by mean shipment cost) (slope of Vl is
negative). However, if shipment volume is high (Vh), private/leased carriers
{Sp) are the more efficient alternative (slope of Vh is positive; identical
pattern to HBA).

A - Mean of cells in private/leased carriers (Sp}, with low uncertainty (Ul),
and low volume (Vi) 2198.95

B - Mean of cells in contract carriers {Sc}, with low uncertainty (Ul),
and low volume (V) 1775.50

C - Mean of cells in private/leased carriers (Sp}, with low uncertainty (Ul),
and high volume (Vh) 1718.50

D - Mean of cells in contract carriers (Sc), with low uncertainty (Ul),
and high volume (Vh) 1609.00

E - Mean of cells in private/leased carriers {Sp), with high uncertainty (Uh),
and low volume (VI) 2228.50

F - Mean of cells in contract carriers {Sc), with high uncertainty (Uh),
and low volume (VI) 1748.00

G - Mean of cells in private/leased carriers (Sp), with high uncertainty (Uhj),
and high volume (Vh) 1746.00

H - Mean of cells in contract carriers (Sc), with high uncertainty {(Uh),
and high volume {Vh) 1628.00

A - B significant

C - D significant

E - F significant

G - H significant

The second order interaction of structure (S) by uncertainty (U) by volume (V) was

predicted to be nonsignificant; the interaction of structure (S) by volume (V) should not be
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affected by the level of uncertainty. The analysis of variance results supported this
prediction, and Figure 13 demonstrates these results.

However, in a pattern similar to H3, the predictions of HGA and H6B were only
partially supported. H6A predicted that the most efficient alternative for a low volume of
shipments under low uncertainty was contract carriers (A - B); this prediction was supported
(see Figure 13). However, the prediction by H6A of private/leased carriers as the most
efficient alternative for a high volume of shipments under low uncertainty (C - D) was not
supported (contract carriers were more efficient (see Figure 13)). Therefore, H6A was only
partially supported.

The results for H6B were identical to those of HBA; as predicted, increased
uncertainty did not change the pattern of the structure by volume interaction. For both a
low and a high volume of shipments, contract carriers were the more efficient alternative
(E - F and G - H) just as they were under low uncertainty (see Figure 13). H6B was only

partially supported.

H7A and H7B

H7A: Under either low (Ul) or high (Uh) operational uncertainty, when shipment
volume is low (VI), and refrigerated trailers are required (Ah), contract
carriers (Sc) are the more efficient alternative {(measured by mean shipment
cost); however, high operational uncertainty {(Uh) will diminish the difference
between the mean shipment cost for contract {Sc) versus private/leased (Sp)
carriers {slope of Ah is less negative in graph (ll}) than graph (1} of Figure 4).

When shipments go in standard trailers (Al), high operational uncertainty
{Uh) causes no diminishment in the difference (in mean shipment cost) for
contract (Sc) versus private/leased carriers (Sp) (slope of Al is the same for
graphs (1} and (ll) of Figure 4).

H7B: Under either low Ul} or high (Uh) operational uncertainty, when shipment
volume is high (Vh), and refrigerated trailers are required (Ah), private/leased
carriers (Sp) are the more efficient alternative (measured by mean shipment
cost); however, under high operational uncertainty (Uh), this effect will be
enhanced, magnifying the difference (in mean shipment cost) for
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private/leased (Sp) versus contract {Sc) carriers {slope of Ah is more positive
for graph (1V) than graph (lIl) of Figure 4).

When shipments go in standard trailers (Al), high operational uncertainty
{Uh) causes no enhancement in the difference (in mean shipment cost) for

contract (Sc) versus private/leased (Sp) carriers {slope of Al is the same for
graphs (lll) and (IV) of Figure 4}

A - Mean of cell for private/leased carriers (Sp), shipped in refrigerated trailers {Ah},
under low uncertainty (Ul), and low volume (VI} 2387.90

B - Mean of cell for contract carriers (Sc), shipped in refrigerated trailers (Ah),
under low uncertainty (Ul), and low volume (VI} 1808.00

C - Mean of cell for private/leased carriers (Sp), shipped in refrigerated trailers {Ah),
under high uncertainty {Uh}, and low volume (VI} 2379.00

D - Mean of cell for contract carriers (Sc), shipped in refrigerated trailers (Ah},
under high uncertainty (Uh), and low volume (Vi) 1784.00

E - Mean of cell for private/leased carriers {Sp), shipped in standard trailers (Al),
under low uncertainty {Ul}, and low volume (VI) 2010.00

F - Mean of cell for contract carriers (Sc), shipped in standard trailers (Al),
under low uncertainty (Ul), and low volume {VI)} 1743.00

G - Mean of cell for private/leased carriers {Sp), shipped in standard trailers {(Al},
under high uncertainty (Uh), and low volume (VI) 2078.00

H - Mean of cell for contract carriers (Sc), shipped in standard trailers (Al},
under high uncertainty (Uh), and low volume (VI) 1712.00

| - Mean of cell private/leased carriers (Sp), shipped in refrigerated trailers (Ah),
under low uncertainty, and high volume (Vh) 1862.00

J - Mean of cell for contract carriers (Sc), shipped in refrigerated trailers {(Ah),
under low uncertainty, and high volume {Vh) 1646.00

K - Mean of cell for private/leased carriers {Sp), shipped in refrigerated trailers (Ah),
under high uncertainty (Uh), and high volume {(Vh) 1887.00

L - Mean of cell for contract carriers (Sc), shipped in refrigerated trailers (Ah),
under high uncertainty (Uh), and high volume (Vh) 1663.00

M - Mean of cell for private/leased carriers {Sp), shipped in standard trailers (Al),
under low uncertainty (Ul}, and high volume (Vh) 1575.00

N - Mean of cell for contract carriers (Sc), shipped in standard trailers (Al),
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under low uncertainty (Ul), and high volume (VI) 1572.00

O - Mean of cell for private/leased carriers (Sp), shipped in standard trailers (Al)},
under high uncertainty (Uh), and high volume (Vh) 1605.00

P - Mean of cell for contract carriers (Sc), shipped in standard trailers (Al),
under high uncertainty (Uh), and high volume (Vh) 1593.00

A - B significant

C - D significant

£ - F significant

G - H significant

1 - J significant

K - L significant

M - N nonsignificant

O - P nonsignificant

The analysis of variance results did not support the prediction of the third order
interaction of structure (S) by asset specificity {A) by uncertainty (U) by volume (V); in other
words, the pattern of the second order interaction of structure (S) by asset specificity (A) by
volume (V) (demonstrated in Figure 12) was not affected by the level of uncertainty.
Therefore, the pattern of results exhibited by H7A and H7B is the same as that exhibited by
H5A and H5B (compare Figures 14 and 15 (H7A (l) & (Il) and H7B {lll) & (IV}) with Figure
12 (H5A and H5B)).

H7A predicted that contract carriers would be the more efficient alternative for a low
volume of shipments requiring either standard and refrigerated trailers under both low and
high uncertainty. This prediction was supported (A -B; C-D; E-F; G- H), as

demonstrated in Figure 14.
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H7B predicted that private/leased carriers would be the more efficient alternative for
a high volume of shipments requiring either standard or refrigerated trailers under both low
and high uncertainty. This prediction was not supported, as demonstrated in Figure 15. For
a high volume of shipments requiring refrigerated trailers, under both low and high
uncertainty, contract carriers were significantly more efficient (I - J and K - L); this is the
opposite of what was predicted (see Figure 15). For a high volume of shipments going in
standard trailers, there was no significant difference between private/leased carriers and

contract carriers (M - N; O - P).

SUNMMARY OF PRINCIPAL FINDINGS

The interaction of structure and asset specificity predicted by H1A and H1B was
supported, but the predicted simple main effects were only partially supported. Shipments
requiring standard trailers were more efficient when going in contract carriers as predicted
by H1A, but not significantly so. However, shipments requiring refrigerated trailers were
also less costly when going in contract carriers, a result opposite of the one predicted by
H1B (see Figure 9).

H2 was not supported. The interaction between structure and uncertainty was
marginally significant. Furthermore, contract carriers were significantly more efficient under
both low and high uncertainty; the prediction was that there would be no difference
between the two structures (see Figure 9).

The interaction of structure and volume predicted by H3A and H3B was supported,
but the predicted simple main effects were only partially supported. For a low volume of
shipments, contract carriers were less costly, as predicted by H3A, but, contrary to H3B, a
high volume of shipments was also less costly when shipped in contract carriers, although

not significantly so (see Figure 10).
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The second order interaction of structure by asset specificity by uncertainty
predicted by H4A and H4B was not supported. The simple main effects predicted by H4A
and H4B were only partially supported. Shipments requiring standard trailers were less
costly when going in contract carriers, as predicted by H4A, but shipments requiring
refrigerated trailers were also less costly when going in contract carriers, contrary to the
prediction of H4B (see Figure 11).

The second order interaction of structure by asset specificity by volume predicted by
H5A and H5B was marginally significant. The results for a low volume of shipments
predicted by H5A were supported; contract carriers were the more efficient alternative.
However, contract carriers were also the more efficient alternative for a high volume of
shipments (although contract carriers were not significantly more efficient for shipments in
standard trailers). These results were opposite to those predicted by H5B (see Figure 12).

The second order interaction of structure by uncertainty by volume was not
significant, as predicted by H6A and H6EB; there was no difference in the interaction of
structure by volume for different levels of uncertainty. HB6A was only partially supported;
for a low volume of shipments, under low uncertainty, contract carriers were more efficient,
as predicted. However, for a high volume of shipments, under low uncertainty, contract
carriers were also more efficient, contrary to predictions. Likewise, H6B was only partially
supported, with the same pattern of results, since there was no second order interaction
{see Figure 13).

The third order interaction of structure by asset specificity by uncertainty by volume
was not supported. Therefore, the results for the simpie main effects predicted by H7A and
H7B were identical to the results of HHA and H5B (structure by asset specificity by volume

interaction) (compare Figures 14 and 15 with Figure 12).
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CHAPTER V

DISCUSSION AND CONCLUSIONS

This study examined the following research probiem:

How is the cost of motor carrier transportation affected by how it is structured
(performed internally or externally) and the characteristics of the transportation?

Using an alternative methodology and a conceptual framework from transaction cost
analysis, the make or buy decision for outbound motor carrier transportation of finished
products was investigated. The factors examined in the experimental design (structure,
asset specificity, uncertainty, and volume/frequency) were suggested by transaction cost
analysis, which has been used extensively in economics, management, and marketing
literature to address the make or buy issue for various business functions. Survey
methodology has been used for much of the research that uses TCA as a conceptual
framework. This methodology lacks the degree of experimental control necessary to
explore the combined effects of TCA constructs. The methodology used in this research
offered a higher degree of control, since an experimental design was executed on a
computer simulation model of an outbound transportation system. Exploration of this
particular research problem is managerially relevant in light of the preoccupation with
outsourcing transportation services which has developed in the post-deregulation
environment of the transportation industry.

This chapter considers the results of the study in light of its conceptual,
methodological, and managerial objectives. The next section discusses the results of the
research hypotheses. Following that, overall conclusions and implications are addressed.
Finally, the last section considers the study’s limitations and offers several recommendations

for further research.
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HYPOTHESES

The research hypotheses tested by the experimental design used in this study were

designed to answer the following research questions:

1) Is the relative efficiency of outsourced transportation versus transportation
by private fleet affected by the type of carrier equipment required for the
transportation activities?

2) Is the relative efficiency of outsourced transportation versus transportation
by private fleet affected by operational uncertainty (e.g., delays along

transportation routes due to weather, road conditions, or labor unrest)?

3) Is the relative efficiency of outsourced transportation versus transportation
by private fleet affected by the volume of products that are transported?

4) What is the combined effect of equipment requirements, operational
uncertainty, and volume transported on the relative efficiency of outsourced
transportation versus transportation by private fleet.

In order to answer these questions, the research hypotheses, facilitated by a full factorial
experimental design, focused on the exploration of interaction effects, as well as the
accompanying simple main effects, for the four independent variables of structure, asset

specificity, uncertainty, and volume. The results of each of the research hypotheses are

discussed below.

HYPOTHESES 1A AND 1B

H1A  Over all conditions of uncertainty and volume, the more efficient alternative
{measured by mean shipment cost) for shipments requiring standard trailers
will be contract carriers. NOT SUPPORTED

H1B  Over all conditions of uncertainty and volume, the more efficient alternative
{measured by mean shipment cost) for shipments requiring refrigerated
trailers will be private/leased carriers. NOT SUPPORTED

The interaction of structure and asset specificity was supported by the analysis of
variance, but the predicted simple main effects were not supported. TCA maintains that,
when specific assets are not required, it may be more efficient to "buy” than to "make".
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Although the results were in the predicted direction, "buying” was not significantly more
efficient than "making” for shipments going in standard trailers.

On the other hand, when specific assets are required, TCA predicts that it is more
efficient to "make" than to "buy". The results were opposite of those predicted by TCA;
"buying” or contract carriers were more efficient even when refrigerated carriers were
required.

There appear to be two reasons for these results. The lack of significance in the
data for shipments in standard trailers is probably due to the lack of power of the Scheffe S
test. The test statistic for the contrast of this group of cells was very close to being
significant, as well as being in the predicted direction.

The lack of support for the predictions about shipments in refrigerated trailers is
caused by the apparent lack of a "small numbers bargaining” situation where refrigerated
carriers are concerned. Although, in the system modelled here, there were increased costs
involved in transacting, or contracting for shipments, there was no indication that these
costs were higher when contracting for refrigerated carriers versus contracting for standard
dry freight carriers. The significant increase in the number of carrier firms following de-
regulation has apparently resulted in a balancing of supply and demand, and a corresponding

lack of a market failure situation, at least for refrigerated carriers.

HYPOTHESIS 2

H2 Over all conditions of asset specificity and volume, there will be no
significant difference between the mean cost of shipments in private/leased
carriers and the mean cost of shipments in contract carriers; this will be true
no matter what the level of operational uncertainty is. NOT SUPPORTED

TCA maintains that uncertainty has little effect on the make or buy decision unless it

is combined with market failure, i.e., the small numbers bargaining situation that specific
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assets may precipitate. Therefore, there should be no interaction between structure and
uncertainty. Furthermore, since predicted higher order interactions (H3, H4, H5, and H6)
might be expected to obscure or confound a main effect of structure, this hypothesis
predicted no significant difference between the mean cost of shipments in contract versus
private/leased carriers.

Neither of these predictions was supported. There was a marginally significant
interaction of structure and uncertainty, and contract carriers were significantly more
efficient, with or without the presence of operational uncertainty.

The unexpected interaction between structure and uncertainty occurred because,
when operational uncertainty caused unpredictable delivery for shipments going in
private/leased carriers, the shipping firm spent significant amounts of time tracing these
shipments. However, when operational uncertainty caused unpredictable delivery of
shipments going in contract carriers, the shipping firm’s contract with the carrier put the
responsibility for tracing shipments on the carrier. Therefore, for the system represented in
this research, operational uncertainty resulted in measurably increased costs only for
shipments going in private/leased carriers.

It could be argued that there may be hidden (transaction) costs involved when
dealing with contract carriers in situations involving operational uncertainty. Information
from both companies that provided the majority of the cost data for this research indicated
that contracting with numerous carriers was, in fact, quite expensive in terms of
management/staff time (Peterson 1994b; Stewart 1994b). Certainly, a portion of these

costs involves determining a carrier's shipment tracing capabilities®, perhaps as part of an

® For example, when selecting carriers, resources may be spent to ascertain the
technological sophistication of a carrier’'s shipment tracking capabilities, for instance,
satellite tracking capabilities (Peterson 1994a).
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investigation of the carrier's customer service record. However, in the system modeled for
this research, even when expenses for management/clerical salaries under the contract
carrier structure (Sc) were increased, the percentage of total costs accounted for by these
transaction costs was so small® that the increased transaction costs were consistently
overshadowed by the lower transportation costs (TL freight rates) for contract carrier
shipments.

This result (contract carriers were more efficient than private/leased carriers) was
exhibited by the majority of the hypotheses and is demonstrated by the large effect size for
structure (note the n? statistics for effect size in Table 18). The strong main effect for
structure can be explained by two factors:

1) Transportation is a carrier firm’s core business. As a result, carrier firms are
simply better at transportation than a firm who does not view transportation
as vital to its mission. For instance, they may be more willing to invest in
new technology (e.g., satellite tracking systems).

2) The post de-regulation competitive environment has forced carriers to
compete effectively or be forced out of business. Therefore, the firms that
remain in business tend to be very effective at transportation.

The strong effect of structure in this research illustrates an important issue. When
considering variables which impact make or buy decisions, factors in the "supplying”
industry (in this case, the motor carrier transportation industry) may exaggerate the

influence of certain variables (this point is discussed further in this chapter under Asset

Specificity).

¢ See Table 17, which contains the percentage of total shipping costs accounted for by
transaction costs for each treatment cell. The largest percentage of total shipping costs
accounted for by transaction costs is 13.1%.
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HYPOTHESES 3A AND 3B

H3A  Over all conditions of uncertainty and asset specificity, when the volume of
shipments is low, the more efficient alternative {measured by mean shipment
cost) will be contract carriers. SUPPORTED

H3B  Over all conditions of uncertainty and asset specificity, when the volume of
shipments is high, the more efficient alternative {measured by mean
shipment cost) will be private/leased carriers. NOT SUPPORTEDD

The structure by volume interaction predicted by this set of hypotheses was
significant, but, predictions for the pattern of simple main effects were only partially
supported. TCA predicts that "buying” will be more efficient for relatively infrequent
transactions. This prediction was supported.

However, for a high volume of shipments (contrary to what was predicted)
private/leased carriers were not more efficient. The pattern of cell means suggested that
contract carriers were more efficient, although not significantly so.’

The prediction of private/leased carriers as more efficient for a high volume of
shipments was based on the assumption that a firm operating private/leased carriers could
generate enough volume to realize significant economies of scale. However, the per mile
operating cost of outbound transportation for a private/leased fleet depends primarily on the
ability to reduce or eliminate empty backhaul miles. For the system modeled in this
research, even when empty backhaul miles were at a minimum (approximately 6% of
shipments returning empty), the private/leased fleet was not able to enjoy economies of
scale sufficient to make it more efficient than shipping in contract carriers {(hence the lack of

support for H3B). The post-deregulation competitive environment has increased the cost

7 The scale economies generated by the high volume of shipments in private/leased
carriers reduced the advantage of contract carriers over private/leased carriers. On the
other hand, the lack of scale economies for a low volume shipped in private/leased carriers
enhanced the advantage of contract carriers; hence the interaction of structure and volume.
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efficiency of surviving carrier firms to the point that, at least in the case of the system
modeled here, continued operation of a private/leased fleet would constitute a very poor
business decision. The generalizability of this resuit, along with suggestions for further

exploration of this issue, are discussed later in this chapter, under Asset Specificity.

HYPOTHESES 4A AND 4B

H4A  Across all volume conditions, when operational uncertainty is low, and
shipments can go in standard trailers, the more efficient alternative
{measured by mean shipment cost) will be contract carriers. However, if
refrigerated trailers are required, the more efficient alternative will be
private/leased carriers. PARTIALLY SUPPORTED.

H4B  Across all volume conditions, when operational uncertainty is high, and
shipments can go in standard trailers, the more efficient alternative
(measured by mean shipment cost) will be contract carriers. However, if
refrigerated trailers are required, the more efficient alternative will be
private/leased carriers, and the difference (in mean shipment cost) between
private/leased carriers versus contract carriers will be enhanced under the
high operational uncertainty condition. PARTIALLY SUPPORTED.

TCA maintains that, when requirements for specific assets are combined with
uncertainty, it may be more efficient to make rather than buy. Based on this, it was
predicted that the pattern of the structure by asset specificity interaction would change,
depending on whether uncertainty was low or high. However, this second order interaction
was not supported. The structure by asset specificity interaction was the same under both
low and high uncertainty conditions, exhibiting the same pattern of simple main effects as in
hypothesis 1A and 1B.

The reason for the lack of effect for uncertainty is due to the lack of consistently
increased costs in the face of uncertainty across both levels of structure; operational
uncertainty caused increased costs for shipments going in private/leased carriers, but not for

shipments going in contract carriers (see discussion of results for H2).
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HYPOTHESES 5A AND 5B

HS5A: Across all conditions of operational uncertainty, when the volume of
shipments is low, the more efficient alternative {(measured by mean shipment
cost), for either shipments in standard trailers or shipments in refrigerated
trailers, will be contract carriers. SUPPORTED.

Hb5B: Across all conditions of operational uncertainty, when the volume of
shipments is high, the more efficient alternative {(measured by mean
shipment cost), for either shipments in standard trailers or shipments in
refrigerated trailers will be private/leased carriers. NOT SUPPORTED.

Hypotheses 5A and 5B attempted to predict the pattern of results when the
increased transaction costs caused by requirements for specific assets were combined with
the effects of volume (scale economies). A second order interaction was predicted for
structure by asset specificity by volume; i.e., the structure by asset specificity interaction
was expected to behave somewhat differently, depending on the level of volume. The
prediction of this second order interaction was based primarily on the assumption that the
effects of scale economies (high volume) would tend to obscure, to some extent, the effects
of specific asset requirements.

Results for this set of hypotheses indicated that the second order interaction was
marginally significant, but the predicted simple main effects were only partially supported.

For a low volume of shipments, contract carriers were predicted to be the more
efficient alternative. This prediction was supported; when shipment volume was low,
contract carriers were significantly less expensive, no matter whether standard or
refrigerated trailers were required (H5A). However, for the system modeled here, the
reason for this result does not appear to involve any balancing of transaction costs due to
specific asset requirements with scale economies; it was simply the result of the low volume
being unable to generate scale economies for private/leased carriers.

For a high volume of shipments requiring refrigerated trailers, H5B predicted that

transaction costs would make contract carriers more expensive than private/leased carriers.
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It was hypothesized that scale economies caused by the high volume of shipments would
make the private/leased carriers efficient; in addition, transaction costs would be lower for
private/leased ship;'nents, further enhancing their efficiency. For a high volume of shipments
that could be shipped in standard trailers, scale economies would make the private/leased
carriers competitive with contract carriers.

Neither of these predictions was supported; for a high volume of shipments,
contract shipments were the more efficient alternative for shipments in refrigerated trailers;
the difference between private/leased and contract carriers for standard trailers was not
significant. The reason for the lack of significance for shipments in standard trailers appears
to be because the scale economies of the higher shipment volume, combined with the lower
costs of leasing standard trailer equipment make the difference between private/leased and
contract shipments less distinct.

The pattern of results for this set of hypotheses is due to the lack of market failure
for the operationalization of specific assets in this research (refrigerated trailers). The large
effects of structure (see discussion of results for H1B) and volume (see discussion under

HYPOTHESES 3A AND 3B) appeared to overshadow the effects for the remaining factors

(see Table 18 for the n? statistics). This issue is discussed further under OBJECTIVES OF

THE RESEARCH and Asset Specificity.

HYPOTHESES 6A AND 6B

HB6A  Across all asset specificity conditions, when operational uncertainty is low
and shipment volume is low, contract carriers are the more efficient
alternative (measured by mean shipment cost}. However, if shipment
volume is high, private/leased carriers are the more efficient alternative.
PARTIALLY SUPPORTED.

HBB  Across all asset specificity conditions, when operational uncertainty is high,
and shipment volume is low, contract carriers are the more efficient
alternative {(measured by mean shipment cost). However, if shipment
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volume is high, private/leased carriers are the more efficient alternative.
PARTIALLY SUPPORTED.

As predicted, there was no second order structure by uncertainty by volume
interaction; the pattern of the interaction of structure by volume did not differ with the level
of uncertainty. Therefore, as hypothesized, the results of HGA and H6B are the same, and
identical to H3A and H3B (compare Figure 10 and Figure 13; in Figure 13, the graphs for
the Ul and Uh conditions are identical).

As predicted by HB6A and H6B, contract carriers were more efficient for a low
volume of shipments. However, contrary to hypotheses H6A and H6B, contract carriers
(not private/leased carriers) were also more efficient for a high volume of shipments. Since
the prediction for a low volume of shipments was supported, but not the prediction for a
high volume of shipments, both hypotheses 6A and 6B were only partially supported.

These results are further evidence of the large effect of volume in the system modelled here.

HYPOTHESES 7A AND 7B

H7A  Under either low or high operational uncertainty, when shipment volume is
low, and refrigerated trailers are required, contract carriers are the more
efficient alternative (measured by mean shipment cost); however, high
operational uncertainty will diminish the difference between the mean
shipment cost for contract versus private/leased carriers. NOT SUPPORTED.

When shipments go in standard trailers, high operational uncertainty causes
no diminishment in the difference between the difference (in mean shipment
cost) for contract versus private/leased carriers. SUPPORTED.

H7B  Under either low or high operational uncertainty, when shipment volume is
high, and refrigerated trailers are required, private/leased carriers are the
more efficient alternative (measured by mean shipment cost); however,
under high operational uncertainty this effect will be enhanced, magnifying
the difference (in mean shipment cost) for private/leased versus contract
carriers. NOT SUPPORTED.
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TABLE 18 EFFECT SIZES

SOURCE OF EFFECT SIZE (n?) | SIGNIFICANCE | POWER
| VARIATION
S 0.888""" 0.000 1.000
A 0.783""" 0.000 1.000
u 0.014° 0.144 0.307
\% 0.906""" 0.000 1.000
SBY A 0.591""" 0.000 1.000
SBYU 0.026° 0.049 1.000
SBYV 0.738""" 0.000 1.000
SBYABYU 0.011° 0.202 0.245
SBYABYYV 0.021° 0.079 0.418
SBYUBYV 0.014° 0.144 0.307
SBYABYUBYV | 0.010° 0.212 0.235

*** Large Effect
Small Effect (Pedhazur and Schmelkin 1991)
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When shipments go in standard trailers, high operational uncertainty causes
no enhancement in the difference {in mean shipment cost) for contract
versus private/leased carriers. NOT SUPPORTED.

The third order interaction of structure by asset specificity by uncertainty by volume
was not significant, implying that the pattern of the second order interaction of structure by
asset specificity by volume is not affected by the level of uncertainty. Therefore, H7A and
H7B exhibit the same second order interaction of structure by asset specificity by volume
exhibited by HBA and H5B. The results for the simple main effects for H7A and H7B are
also similar to the results for the simple main effects for H5A and H5B; increased volume
reduced the advantage of contract carriers over private/leased carriers.

This set of hypotheses predicted that, when shipments required refrigerated carriers,
increased levels of operational uncertainty would increase transaction costs, thereby making
these shipments more expensive. Since the system modeled for this research did not
appear to be susceptible to increased transaction costs when refrigerated trailers were
required (see discussion of results of H1B), the interaction predicted by this set of

hypotheses was not supported.

CONCLUSIONS AND IMPLICATIONS

This section presents the major conclusions and implications of the results of this
study. The first section discusses implications of the research in light of the study’s
objectives. The second section discusses the results of some additional analyses of the

transportation system modelled in this research.

189



OBJECTIVES OF THE RESEARCH

The objective of this research was to investigate the make or buy decision for motor
carrier transportation of finished products. In an effort to understand the complex
interaction of factors that drives a make or buy decision, this study went beyond simply
surveying what structure (make of buy) a firm chooses to accomplish the performance of an
activity. The experimental design used variables suggested by transaction cost analysis and
utilized a hypothesis testing approach to examine a logistics research problem.

The methodology used facilitated exploration of the factors that (according to TCA)
drive the make or buy decision. Where the predictions of the research were supported, the
methodology encouraged a more thorough understanding of the factors and interactions
driving the make or buy decision. Where the predictions of the research were not
supported, the methodology facilitated both the explanation of the lack of support, as weli
as delineation of further research to investigate the lack of support.

Designation of mean shipment cost as a dependent variable and the inclusion of
transaction costs (e.g., fleet management, shipment tracing, customer service monitoring,
and carrier selection and contracting costs) in this mean shipment cost facilitated the
examination of the total cost implications of make or buy decisions. Furthermore, the use
of an experimental design enabled this research to quantify {(within a controlied setting) the
effects of the independent variables on mean shipment cost. Exploration of the total cost
implications of the TCA framework has important theoretical implications, since from the
standpoint of internal validity, exploration of the TCA theoretical framework is deficient
without generating hypotheses and attempting to obtain empirical support for the normative
performance implications implied by the framework. Exploration of total cost implications

also has significant managerial ramifications; the usefulness of including the factors
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suggested by TCA in managerial make or buy decisions is largely determined by whether or
not these factors will meaningfully affect performance.

In general, the results of the seven sets of research hypotheses are strongly
supportive of the TCA paradigm. The competitiveness of the post deregulation
transportation industry keeps freight rates relatively low, while effectively preventing small
numbers bargaining situations from developing.

Because of the intensely competitive nature of this "supplying” industry, structure
and volume were the factors having the largest effect on mean shipment cost (see Table
18). The explanation for the large effect of structure in the transportation system modelled
here follows the rationale of Mallen’s (1973) functional spin-off argument. Transportation is
a carrier firm's core business; as a result, carrier firms are simply better at transportation
{for instance, perhaps more willing to invest in new technologies) than a firm which does
not view transportation as vital to its mission. The post de-regulation competitive
environment probably enhances this effect by making it imperative for carriers to compete
effectively or be forced out of business.

The large effect demonstrated by volume is due to economies of scale being such a
strong driver of cost reduction. Predictions for the superior efficiency of contract carriers
over private/leased carriers for a low volume of shipments (which were uniformly supported)
were based on these scale economies effects. In addition, the results for H3A and H3B;
H5A and H5B; H6A and H6B; and H7A and H7B all demonstrate that, although contract
carriers were the more efficient alternative, a high volume of shipments reduced the
advantage of contract carriers over private/leased carriers (note the difference in the pattern
for the VI and Vh graphs for private/leased {Sp) and contract {Sc) in Figures 10, 12, 13, 14

and 15).
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Asset specificity also had a large effect, presumably due to increased equipment
expenses (e.g., leasing and operating expenses) incurred when operating refrigerated
trailers. The two first order interactions of structure by volume and structure by asset
specificity also had large effects. The advantage of contract carriers over private/leased
carriers was reduced when there was a large volume of shipments (see Figure 10; the
difference between private/leased (Sp) and contract (Sc) is not significant for high volume
{Vh}). The cost advantage of contract carriers over private/leased carriers was greater for
shipments requiring refrigerated trailers {see Figure 12; in both the graphs (H5A and H5B),
the cost advantage of contract (Sc) over private/leased (Sp) is more pronounced in the case

of refrigerated trailers (Ah)).

ADDITIONAL ANALYSES OF THE TRANSPORTATION SYSTEM

Interviews with the companies that provided the majority of the cost data for this
research indicated that the managers felt that the highest "transaction” costs were incurred
in contracting with a large number of TL carriers. However, they also maintained that the
transaction costs of operating a private/leased fleet were substantial. In an effort to
minimize these costs, as well as to receive even lower per mile TL freight rates, both
companies are in the process of decreasing the number of carriers with which they contract
their transportation {Peterson 1994b; Stewart 1993).

The firm whose transportation system was used for the model in this research
{company H) has a relatively low volume of shipments. Their solution to the problem of
contracting with numerous carriers is to work toward turning all of their TL freight business
to one carrier firm {company B). By doing this, company H will be able to reduce the time
spent contracting with numerous carriers. In addition, since company B will transport all of
company H’s shipments, and since company B utilizes intermodal (a combination of motor
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carrier and railroad) transportation, company H will be able to obtain discounted rates for
the shipments transported by company B (Stewart 1993, 1994b).

Although it was not part of the experimental design, the mean shipment cost for
private/leased, contract, and third party (single carrier) shipments was generated by the
model and appears in Table 19. The mean cost for the shipments transported by company
B (third party shipments) is lower than either of the other two. The fact that company H
plans to engage in a contractual relationship with company B, at first glance, appears to
contradict TCA predictions. However, Company H’'s behavior is, in fact, completely
consistent with TCA predictions. The type of trailer required for the transportation of the
products company H ships is not specialized, therefore, a "market” arrangement, i.e.,
contracting with numerous carriers, is predicted by TCA as the efficient arrangement (see
the buy/market square in Table 3). Company H's relationship with company B as their sole
provider of transportation and related logistics services is based on yearly contract
renewals. Company H has the option of replacing company B if their price and service are
not satisfactory. The competitiveness inherent in the post de-regulation transportation
industry and Company H's lack requirements for specific assets (i.e., specialized carriers)
means there is a large number of carriers available for Company H to contract with, which
prevents Company B from behaving opportunistically.

The distribution manager of company H felt that the reallocation of resources from
either private/leased fleet operations or contracting with numerous TL carriers, to
maintaining a relationship with one transportation provider {company B) would be more
strategically productive for the firm. Evidence of this is provided by the fact that company
H’s distribution system (e.g., warehousing facility locations, manufacturing site locations) is
in the process of being completely re-evaluated. The resources required for this re-

evaluation (especially management resources) would not be as readily available if they
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TABLE 19

SHIPMENTS

COMPARISON OF MEAN TOTAL SHIPMENT COST FOR
PRIVATE/LEASED, CONTRACT, AND THIRD PARTY

PRIVATE/LEASED CONTRACT THIRD PARTY
SHIPMENTS SHIPMENTS SHIPVIENTS
MEAN TOTAL $2010.00° $1743.00° $1519.00°
SHIPMENT
COosT

" based on a set of three t-tests; p < 0.016.
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were still being spent on private/leased fleet management or managing contracts with
numerous carriers (Stewart 1993, 1994a, 1994b).

A similar viewpoint was echoed by the inventory planning and control manager of
company P, the manufacturer of grocery products requiring refrigerated shipments. In
moving from a private/leased fleet to contracting with numerous contract carrier firms (at
one time, more than 100), and finally to contracting with gradually fewer carriers, he feels
that the company will be able to focus resources on activities that are strategically more
productive for the company {Peterson 1994a, 1994b).

Contracting with few or only one carrier appears to have two potential advantages
for company H: 1) it reduces the relatively high transaction costs incurred by maintaining
numerous carrier contracts, and 2) it enhances the advantages of the "buy" structure (Sc)
demonstrated by the results of the hypotheses tests in this study, especially for companies
with a low volume of shipments (by contracting with fewer carriers, a shipper’s volume is
more concentrated, perhaps qualifying shipments for volume discounts). The advantages
demonstrated in this research of these "exclusive” relationships with carrier firms, as
pointed out above, are completely supportive of TCA predictions, given the high level of
competition in the transportation industry. Furthermore, these results provide validation for

the current interest in relationship marketing research.

LIMITATIONS AND SUGGESTIONS FOR FUTURE RESEARCH

CHAPTER | provided an extensive discussion of the limitations inherent in computer
simulations. These limitations will be reviewed briefly here, along with their implications in
light of the objectives of this study. The final portion of this section discusses suggestions

for future research.
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LIMITATIONS OF SIMULATION MODELLING

One potential limitation of computer simulations is the difficulty of constructing a
valid model of the system being studied. Modelling a system represents a trade-off between
realism and simplicity. The factors represented and the level of detail for the transportation
system model constructed for this research were guided by: 1) the theoretical framework
chosen for the investigation of the research problem and 2) the level of detail necessary for
the investigation of the specific research questions. The results of validation procedures in
CHAPTER IV provided an estimate of how well the model conformed to the system it
represented.

While the validation results in CHAPTER |V provided some evidence of
representativeness, this representativeness cannot be assumed for the full range of system
conditions, nor can it be assumed to validly depict the transportation situations faced by all
firms. However, although the simulation model constructed for this research cannot be
representative of all transportation systems, generalizability was not the principal goal of
this research. The goal of this study was to use a research method that addressed some of
the drawbacks inherent in the descriptive methodology used in most of the existing research
on the make or buy issue. The previous section discussed the advantages of the
experimental control afforded by the methodology used in this research.

Another potential limitation of simulation modelling pertains to the analysis of the
data generated by a simulation model. Analysis of variance, which was used to analyze the
data generated by the model, assumes that: 1) the samples are independent, 2) the
population(s} from which the samples are drawn are normally distributed, 3) the variance of
the populations are equal. Independence of samples for the simulation data in this research
was maintained by the use of independent simulation replications (independent generation of

random number streams among samples and across cell treatments). Furthermore, each cell
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in the experimental design contained an equal sample size (n=10), reducing the sensitivity
of the F-test {in the analysis of variance) to potential departures from normality and

homogeneity of variance (Scheffe 1959).

SUGGESTIONS FOR FUTURE RESEARCH

As Table 18 demonstrates, the power to detect several of the proposed interactions
{Structure by Asset Specificity by Uncertainty; Structure by Uncertainty by Volume;
Structure by Asset Specificity by Uncertainty by Volume) was somewhat low. The primary
reason for this decreased power was the small effect sizes exhibited by these interactions.
One way to address this limitation and increase the power to detect these effects would be
to perform the experimental analysis of this study’s transportation system using a larger cell
size.

The principal limitation of this research was that the hypotheses which predicted the
market failure effects of asset specificity (and asset specificity combined with uncertainty)
were not supported. The first part of this section addresses this issue; the second part of

this section discusses some possible extensions of this study.

Asset Specificity

There could be several reasons for the lack of support for the asset specificity and
uncertainty hypotheses:
1) The model was not a valid representation of the system being simulated.

2) In a post deregulation transportation environment, the cost savings driven by
economies of scale will always overwhelm transaction costs.

3) The role of measurement error, specifically with regard to how transaction
costs were measured.
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4) The operationalization used in this research to represent the asset specificity
condition (refrigerated trailers) lacked sufficient strength.

The first possible explanation, model invalidity, although always a concern with
modeling methodology, is unlikely to be the reason for the lack of support for the
hypotheses. Model verification demonstrated that the model performed as it was intended.
The model’s face validity was monitored by using cost data from people knowledgeable with
a similar system. Finally, at least for certain conditions, validation procedures demonstrated
that the model was a reasonable representation of the system being modeled.

The second explanation, the overwhelming effects of economies of scale, could be
responsible for the lack of support for the asset specificity/uncertainty research hypotheses.
However, whether this explanation is reasonable implies an investigation of the
generalizablity of the effects of economies of scale with respect to transportation services.
To explore the generalizability of this explanation, a research methodology which stresses
generalizability (e.g., a mail survey) would have to be used. For instance, a survey of
transportation and/or distribution managers, to determine the type of carriers required, the
structure employed (private/leased versus outsourced), and the mean shipment cost is one
possible way to explore the strength of the effects of scale economies versus transacting
costs within the context of transportation services.

Measurement error with regard to the measurement of transaction costs could be an
explanation for the lack of results for the asset specificity/uncertainty hypotheses, especially
if the asset specificity which drives the transaction costs is site specific asset specificity or
human asset specificity, instead of the physical asset specificity represented in this
research. Although site specific asset specificity (e.g., terminals for consolidating
shipments) would be relevant for less than truckload (LTL) shipments, the transportation

system represented in this research involved only truckload (TL) shipments. For TL
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shipments, terminals for consolidating shipments are a relatively minor consideration,
therefore, representing asset specificity as site specific assets probably not relevant to the
system modeled in this research. However, if the system modeled in this research was
extended to encompass LTL, as well as TL shipments, representing asset specificity by the
existence of terminals for consolidating shipments could be an important addition to the
model.

The information collected during the construction the transportation system modeled
for this research did not indicate a significant role for human asset specificity, e.g.,
specialized driving skills needed for particular types of products. However, human asset
specificity could be represented as the specialized knowledge acquired by carrier firms when
negotiating for and dispensing transportation services to shippers during year long exclusive
transportation contracts. Particularly in light of a motivation to reduce the costs of

negotiating with large numbers of carriers (see discussion under ADDITIONAL ANALYSES

OF THE TRANSPORTATION SYSTEM), this representation of asset specificity could be an

important extension to this research.

The fourth explanation, a lack of strength for the operationalization of asset
specificity, seems the most likely explanation for the lack of support for the research
hypotheses. At least for the system modelled here, there did not appear to be a market
failure condition for refrigerated carrier assets; these assets lacked the necessary degree of
specificity, in spite of the fact that their numbers were substantially fewer. A stronger
operationalization of specific assets in the transportation model, for instance, might involve
the activities and costs required for transporting a product in a specially constructed trailer
(e.g., hazardous materials trailers).

One issue, which is highlighted by the asset specificity operationalization issue, is

the need for exploration into the nature of the industry providing the outsourced activities.
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The results of this research indicated that the intensely competitive nature of the
transportation industry may have exaggerated the effects of structure and volume/frequency
on efficiency. Research on the make or buy decision generally focuses on the firm doing
the making or buying. The results of this study indicate that there may be important factors
within the nature of the "supplying” industry that impact the potential buyer’'s decision.
Some suggestions for factors to investigate in order to explore this issue include: the level
of competition, the degree of government regulation, and/or the maturity of the supplying
industry. Overall, the results of this research provided strong support for TCA predictions
and clearly demonstrated that TCA is a useful framework for understanding firms’ make or
buy decisions. Because of the nature of the transportation industry (the high level of
competition and the lack of a small numbers bargaining situation), the hypotheses in this
research clearly indicated that a "buy"” rather than a "make" decision was the most efficient

alternative; this result is exactly consistent with TCA predictions.

Extensions of the Present Study

Interviews with the representatives of Company H and Company P and the
additional analyses of the transportation system in this study demonstrated the motivation
to reduce transaction costs by decreasing the number of transportation firms that a shipper
negotiates with. Therefore, it might be interesting to use the number of transportation firms
a shipper negotiates with as an independent variable and observe the effects on the system
as this variable is manipulated.

This research only investigated outbound transportation. Information from the
distribution manager and the inventory control manager interviewed for this study reinforced
the concept that the make or buy decision for outbound transportation was strategically

linked with decisions about other distribution activities. For example, facility location,
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materials management, and inventory decisions for multiple echelons of a distribution
system were inevitably linked with the make or buy decision for both inbound and outbound
transportation. Expanding the model to include elements of these other decision areas
would enable a more balanced view of the transportation decision. For instance, given the
importance that the location of a shipment’s destination (e.g., NE, SW) plays in determining
TL freight rates, adding additional echelons {manufacturer to distribution warehouse and
distribution warehouse to customer) to the distribution system modeled here would facilitate
exploration of the effects of facility location decisions on transportation decisions.

Finally, although this study clearly demonstrated support for TCA and its role in
delineating the factors that drive a firm’s decision to enter into and/or sustain a relationship
with another organization, there are undoubtedly other factors that drive this decision.
Within the larger context of relationship marketing research, it would be worthwhile to
explore the role TCA constructs play in conjunction with other key contributors to initiation

and maintenance of relationships with other organizations.
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