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1. Introduction

1) Background

Tractors are considered the most important
power sources in modern agriculture. Com-
pared to the walking type, ride-on tractors are
extremely convenient and effective. However,
they are also more powerful and complex. Thus
they can be dangerous machines unless users
understand and operate them properly. Many
studies have reported that tractor accidents are
the leading cause of agricultural fatalities in
many countries and that operator error is one
of the main reasons for the accidents (Becker
et al., 1992 ; Denenberg, 1976 ; Kroemer et al,
1997 ; Pickett et al., 1999 ; Snedecor, 1956)

Despite the enormous technical development
of agricultural machinery, ergonomic or human
factor studies related to the operation of the
machineries appear to be very limited. There-
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fore, more attention and study of operation per-
formance, task accuracy and work physiology
are necessary to find effective ways to im-
prove operator training and work safety edu-
cation.

In order to provide basic data about opera-
tor performances and the mastering process of
tractor operations, the authors have been con-
ducting ergonomic research on various tractor
operations. The previous papers reported on the
process of mastering the operation of walking-
type rotary tillage (Syuaib et al., 2002) and ro-
tary tillage by ride-on tractor and driving course
(Syuaib et al., 2003).

There are many small fields subdivision in
Japan and Indonesia. In the small field, revers-
ible moldboard-plow is an effective implement
because consecutive plowing method can be
adopted. By above-mentioned perspective, the
process of mastering on the operation of revers-
ible moldboard-plow using ride-on tractor was

studied in the present paper.

2) Research Objectives
This study was conducted with the main ob-

jectives to provide basic data about tractor op-
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erator performance and physiological strain, (3) Portable Breath Analyzer
and to find the important factors in the mas- (4) Digital Video Camcorder
tering process of the tractor operations, partic- (5) Video Cassette Editor and Video Timer
ularly reversible moldboard-plow, from an er-
gonomics perspective. Furthermore, this study 3) Subjects

seems to be ultimately useful for farm work
improvement, because the difficult work mo-
tion can be pursued.

The objectives of this experiment were fol-

lows :

(I) To investigate the difference of physio-
logical strain and technical performance
between beginners and skillful operators
on the reversible plow operation.

(2) To determine the significance of inter-
personal variation among the beginners.

(3) To analyze the skill-improvement patterns
of beginners in accordance to the length of
practical tractor experience.

(4) To analyze the effect of car-driving expe-
rience of the beginners on the process of
mastering tractor operation.

(5) To analyze the learning period required
for beginners through learning curves mod-

eling.
2. Materials and Method

1) Place and Time of Experiment

Field experiments were carried out at the
experimental farm of Ibaraki University from
May to October 2001 and May to July 2002.

2) Materials and Instruments

The main materials and instruments con-

sisted of :

(1) Ride-on tractor : 14.7kW (20 PS) with one
set (two bodies) of single reversible mold-
board-plow (share width 35 cm) implement,
max.length 448 m and max.width 1.40m
including the implement. The plow rota-
tion was activated by hydraulic pump that
was installed on the PTO shaft, since the
tractor had not been equipped with a hy-
draulic outlet coupler.

(2) Portable Heart Rate Monitor

Empirical data were collected from twelve
healthy subjects, who voluntarily participated
in designated field experiments. Beginners were
defined as the subjects who had no previous
experience with tractor operation. Skillful op-
erators were the subjects who had regular jobs
as professional tractor operators. Based on their
ability to drive an automobile, beginners were
classified as either : (1) “Driver’s License Begin-
ners” (DL-beginners) who were accustomed to
drive an automobile, and (2) “Non Driver’s Li-
cense Beginners” (NDL-beginners) who didn’t
drive an automobile. Two of the subjects were
skillful operators who worked at the university
experimental farm. The other ten subjects were
beginners who were recruited from among uni-
versity students. There were b5 NDL-beginners
and b DL-beginners. All the subjects were male
and their physical characteristics are given in
Table 1. The automobile driving experiences

of DL-beginners were about 3-5 years.

4) Research Method

The tractor used for the experiments was
equipped with a frame for a video camera
mounted over a non-canopy cabin. The camera
recorded all hand and foot task motions of the
driver during the observations. The video edi-
tor and video timer were used to analyze the
recorded videotape for the motion and time
study (Barnes, 1980).

Plowing capacity was 36 cm in width and 15
~20cm in depth at 1.8 km/h tractor speed. One
observation consisted of 8 plowing rows (20 m
long each) and 8 turning operations. The experi-
mental field layout is given in Figure 1. Begin-
ners were observed for 10 times and skillful
operators were observed for 7 times. The effec-
tive operation time of DL-beginners and NDL-

beginners for one observation was 11.4 and 12.0
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Table 1 Characteristics of the subjects

Skill Category Number of Age Range Weight Range Height Range
Subjects (yrs.) (kg) (cm)
NDL- beginner 5 19~22 56~97 166~177
DL-beginner 5 21~24 56~178 167~180
Skillful Operator 2 38~39 56~61 170~175
Head-line Head-line
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Baseline and poles for tillage straightness measurement

72 Tillage row starting-point
HL (head land width) : 10 m, L (distance between measurement poles) : 4 m,
Row numbers 1, 3, 5 and 7 were right, and numbers 2, 4, 6 and 8 were lefi furrows

lillage row ending-point

Fig. 1 Experimental field layout

minutes on the average, respectively.

The subjects were clearly instructed to fol-
low the designated experimental route and to
strictly follow the same operating procedures.
The basic operation of tractor and the main
attention of plowing method were explained
to the beginners before the real experiment.
Those main matters are as follows.

(1) The function of clutch, brake and vari-

ous control levers.

(2) The appropriate operation method of steer-
ing wheel.

(3) To step on the clutch pedal at first, and
then brake pedal when the tractor is
stopped.

(4) To take the timing of plow up and down
by attention to the head land line (head-

line as an abbreviation) which is a stand-

ard.

(5) To utilize the target pole which was stood
at the edge of head land to travel straight
in case of first row.

(6) The timing of steering wheel operation
and the positioning of tractor in turning.

(7) The procedure of gear change and plow
inversion operation in turning.

(8) To be traveled straight the tractor for the
next row after turning.

The subjects were also informed about the meas-
urement parameters, such as : tillage straight-
ness, turn tasking time, tillage starting and end-
ing errors. The subjects experienced the opera-
tions of various levers and pedals in the condi-
tion that the tractor stopped, and then prac-
ticed the plowing of both ways (two rows) be-

fore the real experiment. As the occasion de-
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mands for the real experiment period, the be-
ginners were given some instruction on the
tractor positioning, the timing of lever opera-
tion, etc.

The heart rate and oxygen consumption of
the subjects were continuously recorded as a
physiological strain indicator. The measure-
ment values of rest periods before and after
the experimental observations were used as a
baseline for the physiological strain measures.

Specifically, the analysis items of this re-
search are :

(1) Physiological strain analysis of work (San-
derset al., 1993 ; Syuaib et al., 2002 ; Syuaib
et al., 2003). This item includes analyses of
heart rate (HR) and oxygen consumption
(VOy).

(2) Technical performance analysis (Syuaib
et al., 2002 ; Syuaib et al., 2003). This item in-
cludes the technical aspects of tractor op-
eration, such as tillage straightness devia-
tion, tasking error (tillage starting and end-
ing-point errors) and time. The distances
of each tillage row from the measurement
baseline were measured at six poles points
(see Figure 1), and the standard deviation
was calculated as the straightness devia-
tion of the each tillage row. Since one ex-
periment consisted of 8 tillage rows, the
tillage straightness deviation was an aver-
age of eight data. Tillage starting or end-
ing-point error was calculated as an aver-
age of absolute error from the head-line of
the starting-point or ending-point of a till-
age row

(3) Statistical analysis (Denenberg, 1976 ; Sne-
decor, 1956). The analysis of variance and
T-test analyses were mainly used to exam-
ine the significance of individual variability
and the skill improvement process among
the subjects.

3. Results and Discussion

1) Physiological Strain Analysis
As it was previously mentioned, the physio-

IRHR

logical strain was analysed in terms of In-
crease Ratio of Heart Rate (IRHR) and Relative
Metabolic Rate (RMR). IRHR was calculated in
the following equation.
IRHR=HRw / HRr
Where HRw is the heart rate level dur-
ing activity (work); HRr is the
heart rate level in resting condi-
tion.

The measurement results of physiological
strain are shown in Figures 2~5. The graphs
reveal that almost no significant difference in
physiological strain levels between the begin-
ners and skillful operators was found. These
results differ from the results of a previous
study on the walking-type tractor operation
(Syuaib et al., 2002). Its cause is guessed with
the difference of operating method and quality
like the following of both tractors. @ Ride-on
tractor is operated by sitting in the driver seat,
whereas walking-type tractor is operated by
walking behind the tractor. Thus, the physical
workload in the walking-type tractor opera-
tion is higher. @In case of walking-type trac-
tor, it is essential for the operator to synchro-
nize the walking pace and steps with the trac-
tor speed as well as to control the tractor’s di-
rection. So, for the beginners who have no prior
experience, the mental and physical efforts in
walking-type tractor operation are obviously
higher than those of skillful operators.

In comparing the physiological strains be-

L6 r ® NDL-beginners & DL-beginners X Skillful
y=-0.10Ln(x) + 134 y=-0.03Ln(x)+ 124 y=1.22
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Fig. 2 Increase Ratio of Heart Rate (IRHR)
in the straight tillage tasks
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tween straight tillage and turning tasks in gen-
eral, the results showed that the IRHR and
RMR of the turning task tended to be slightly
higher than those of the straight tillage task,
both for beginners and skillful operators. These
results mean that the turning task was slightly
more strenuous than the straight tillage task.

16 & NDL-beginners A DL-beginners X Skillful
¢ y=-0.12Ln(x) + 1.48 y=-0.03Ln(x) + 1.34 y=1.29
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Fig. 3 IRHR in the turning tasks
26 r & NDL-beginners A DL-beginners X Skillful
24 F y =-0.13Ln(x) + 1.48 y =-0.04Ln(x) + 1.50 y=1.39
R?=0.88 R’=0.38
2.2
20 F
1.8 F
1.6 |
~— X &
14 F % A
X
12 k - 3 .

1 2 3 4 5 6 7 8 9 10
Observation Number

Fig. 4 Relative Metabolic Rate (RMR) in
the straight tillage tasks
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Fig.5 RMR in the turning tasks

In the case of straight tillage tasks, the com-
parisons of IRHR and RMR among the subject
groups are shown in Figures 2 and 4, respec-
tively. The IRHR of NDL-beginners was rela-
tively high at the beginning of the observa-
tions (i.e. observations #1 to #3) as compared to
the other subject groups, whereas almost no
difference in RMR was found among them. The
same results were also recognized in the case
of turning tasks (Figures 3 and 5).

In general, the RMR reflects only the physi-
cal workload, and the IRHR is affected by both
physical workload and mental stress. The above
results, therefore, revealed mental stress (i.e.
nervousness) was especially noticeable in the
NDL-beginners and it's fairly certain that it
adversely affected their performance. Since the
NDL-beginners had no previous experience with
either car-driving or plowing operation, the men-
tal stress might have been caused by the oper-
ation tasks or the experimental conditioning.
At any rate the higher the subject’s skill and
experience was, the lower the mental stress ap-
peared to be.

Some other interesting results were found in
the regression model of the IRHR graphs as
shown in Figures 2 and 3 above. The IRHR of
NDL-beginners in obs.#1~3 was higher than
those of DL-beginners and skillful operators.
However, after obs.#4 the IRHR levels of the
NDL-beginners became the lowest, while the
skillful operators showed the highest ones. These
phenomena suggested that the physiological
measures were affected more by the individual
characteristics of the subjects (i.e. age, daily
physical condition, psycho-physiological char-
acteristics, etc.). In addition, the levels of phys-
iological strain (i.e. IRHR and RMR) indicated
that the workload level of this ride-on plowing
operation could be categorized as light. There-
fore, it is guessed that the internal or individual
factors of the subjects, rather than the actual
workload itself, greatly affected the measures

of physiological strain.
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2) Technical Performance Analysis

As it was previously mentioned, the techni-
cal performance was analysed in terms of till-
age straightness deviation, tillage starting-point
and ending-point errors, and turn tasking time.
The results of technical performance analysis
are shown in Figures 6 to 10.

Figure 6 shows the average of tillage straight-
ness deviations of each subject category (i.e.
NDL-beginners, DL-beginners and skillful op-
erators). The tillage straightness deviation of
NDL-beginners was considerably larger than
that of DL-beginners. Therefore, the graphs
clearly show that there was a significant dif-
ference in tillage straightness performance be-
tween NDL and DL beginners.

The performance of DL-beginners was some-
what better and stabler than that of the NDL-
beginners. It is also noticed that the regression
pattern of the learning curve differs between
the two categories of beginner. In case of NDL-
beginners, the tillage straightness deviation
greatly decreased from first observation (obs.
#1) to third observation (obs.#3), after which it
gradually decreased until obs.#10. On the other
hand, the tillage straightness deviation of DL-
beginners very gradually decreased from obs.
#1 to obs.#9. These findings mean that the DL-
beginners had the advantage of recognition and
judgment over the NDL-beginners when oper-
ating the tractor on a straight path, since they
were accustomed to driving an automobile. In
short, this proved that the recognition and judge-

30r ® NDL-beginners A DL-beginners X Skillful
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Fig. 6 Tillage Straightness Deviations

ment of DL-beginners for tractor operation were
higher than those of NDL-beginners at the test
starting time. Compared to the skillful opera-
tors, the tillage straightness deviation of DL-
beginners was slightly higher, however, T-test
results revealed no significant difference be-
tween them.

Regarding the graphic equations of tillage
straightness deviation shown in Figure 6, the
intersection of the beginner and skillful opera-
tor lines was calculated on the assumption that
the graphic patterns hardly change in its ex-
tension after the numbers of practical observa-
tions. From the results, NDL-beginners were
expected to reach the first tillage straightness
level of DL-beginners within 15 practical oper-
ations (about equal to 3 hours of effective prac-
tical time : e.p.t.), whereas another 344 practi-
cal operations (65 hours e.p.t.) were suggested
as the minimum times required for DL-begin-
ners to reach the tillage straightness level of a
skillful operator.

Figures 7 and 8 show the tillage starting-
point and ending-point errors, respectively. Gen-
erally, the errors of the beginners were ex-
tremely high in the beginning of the observa-
tions, and then gradually approached the level
of skillful operator. However, the graphs re-
veal that the improvement rates of the DL-
beginners were much faster than those of the
NDL-beginners. Regarding the learning curves
equation, DL-beginners were expected to reach
the same level as skillful operators within 13
and 12 practical operations for starting-point
and ending-point errors, respectively. In the
case of NDL-beginners, these values were re-
spectively, about 213 and 122 practical opera-
tions. From these numerical value, it is in-
ferred that the timing of the tillage start oper-
ation for the NDL-beginner has been made to
be weak point.

The time and motion analysis in this study
was mainly focused on the turning task, since
complex and strenuous task sequences were

more necessary in turning than in the straight
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Fig. 7 Tillage starting-point errors
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Fig. 8 Tillage ending-point errors

tillage. The turning task was divided into three
major groups of operation elements, “T1”, “T2”
and “T3” (see Figure 9). Figure 10 shows the
results of the analysis of motion time for each
subject category.

Compared to the beginners, the turn-tasking
time of the skillful operators was significantly
shorter. Total turning time (T1+T2-+T3) of
skillful operators was about 40 to 45 seconds,
whereas the time of the beginners were consid-
erably high in the first operation experience
but tended to improve during the practical train-
ing. The average turning time of NDL and DL
beginners were, respectively, about 64 and 55
seconds in the first observation (obs.#1), and
then gradually decreased to 53 and 49 seconds
respectively in obs.#10. The graphs clearly show
that the tasking time of DL-beginners improved
with more consistency and smoothness than
that of the NDL-beginners.

Regarding the graphs of turn tasking time

Task elements:
T1: plow lift, left or
right turn, gear E:@—
changing
T2: backward turn,

plow  reverse,
gear changing

head line

T3: traveling to the
next row, plow
shift-down o

plowed g}@d

Fig. 9 Turn tasking procedures
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Fig. 10 Turn tasking times

shown in Figure 10, the main difference in turn-
time pattern was found in the T2 element. As
illustrated above in Figure 9, the T2 element
mainly consisted of a back turn (making a space
for directing the tractor to the next row posi-
tion) and gear changing tasks (back/forward
gear and plow reversing). The data revealed
that the turning area made by the beginner
was somewhat bigger than that of the skillful
operators. The beginners need a turning space
of about 8.3 to 10.3m (the distance between the
farthest point of the tractor to the field head-
line), whereas the skillful operators need not
more than 7.5 m turning space. In addition, the
beginners also took a relatively longer time to
change the gear levers’ position, and often made
also some operation mistakes. Therefore, the
“T2” element time of the beginners was rela-
tively longer compared to that of the skillful

operators. Since the beginners tend to use rel-
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atively wide turning area, it’s really important
to note here that special check and attention to
the work safety around the turning area is nec-
essary before a beginner can do a plowing op-
eration, especially in a relatively small field.
Figures 11 and 12 show the individual values
of tillage straightness deviation, as one of the
technical performance parameters, for DL and
NDL beginners respectively. A comparison of
the technical performance between the two
groups of beginners showed that the interper-
sonal variation within the NDL group was gen-
erally much higher than that of the DL group.
Namely, it’s clearly see that the data of the
NDL-beginners widely varied, whereas the data
of DL-beginners was relatively stable. This tend-
ency was also recognized in the other parame-
ters. In addition, within 10 practical observa-
tions the tasking time and error levels of the
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Fig. 11 Individual values of tillage straight-
ness deviation of DL-beginners
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Fig. 12 Individual values of tillage straight-
ness deviation of NDL-beginners

NDL-beginners were usually higher than those
of the DL-beginners. These facts suggest that
the ability to drive an automobile was cogni-
tively advantageous to the learning process of
the tractor operation.

Among the technical performance parame-
ters that were analysed in this study, keeping
the tillage straight was recognized as the most
difficult task, even for the subjects who were
accustomed to driving an automobile. The main
reason is related to the nature of plowing. That
is, in the plowing operation wheels on one side
of the tractor must run in the furrow that
appeared on the previously plowed path, while
the other tractor’s wheels remain on the field-
level surface. In other words, the tractor is
operated in a slant position. This affects the
balance control of the operator, especially a
beginner who is not accustomed to such oper-
ating situation. In addition, once the operator
makes a crooked tillage path, it is difficult to
straighten it on the next row, since the trac-
tor’s wheels are trapped in the furrow. In many
cases, the beginners made a relatively straight
track in the first row, where was no furrow yet
on the field. But subsequent rows became less
straightness.

3) Statistical T-test Analysis

Statistical multiple T-test was utilized to ana-
lyse the improvements which the beginners
made within a certain number of practical ob-
servations. Two T-tests were carried out as
follows :

(1) T-test between the observation numbers
(obs.#1 to #10) for each analysed parameter
within each beginner’s group (NDL or DL
beginners). The results are given in Tables
2 and 3.

(2) T-test between the subjects’ groups (NDL-
beginner, DL-beginner and Skillful) for each
analysed parameter. The results are given
in Tables 4 and 5.

Tables 2 and 3 respectively show the results

of T-test analyses within the beginners’ groups,
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Table 2 The results of T-test analyses of
NDL-beginners (5 persons)

Table 3 The results of T-test analyses of
DL-beginners (5 persons)

Analysed Nominators™® Analysed Nominators*
Parameter | ops#1| #2 | #3 | #4 | #5 | #6 | #7 Parameter | opss1 | #2 | #3 | #4 | #5 | #6 | #7
Tillage Tillage
Straightness #5,9 N N | N|N|N|N Straightness N N N|N|N|N|N
Deviation Deviation
Tillage Tillage #5.7
Starting-Point N N N|N|N|N|N Starting-Point | #2~10 910 #10 | #10 | #10| N | N
Error Error ’
Tillage Tillage #5
Ending-Point #2~10| #10 |#10 [#10| N | N | N Ending-Point #2~10 7;10 N|N|N|N|N
Error Error

Turn Tasking | #2 | N | N | N |N|N|N Turn Tasking 1 y3~10| N | N | N |N|N|N
s Tilage [ g5~10| N | N | N |N|N|N Ry Tillage | N | N | N | N | N|N|N
e Turm | g5~10 | #5~8 | N | N | N [N [N Raorfum | N | N | N|N[N|N|N
?ﬁl;ig(fg;l;ﬂlage N - B S N B N ?xlsigg;gﬂlage N - Nl =1=IN

Note : Numbers in the cells are the observation numbers
that show significance with the nominator (p<
0.05). N : no significance.
*The observation number used as the base in the
T-test.
**RMR data were collected only at the 15, 4th 7th
and 10th observations.

NDL and DL. In case of tillage straightness de-
viation in Table 2, obs.#1 was statistically sig-
nificant with obs.#5 and obs.#9. It is also shown
that most of the technical errors in obs.#1 showed
significant difference with the other subsequent
observations, for both the NDL and DL begin-
ners. These findings revealed that the first op-
eration experience was technically hard for the
beginners. Significant improvement of techni-
cal performance mainly began within the period
of obs.#4~5.

In case of physiological strain parameters for
NDL-beginners, obs.#1 of all parameters except
the RMR of tillage tasking showed significant
difference with most of the subsequent obser-
vations. This result means that the physiolog-
ical strain of obs.#1 was markedly high. On the
other hand, for the DL-beginners, there was no
significant change in either IRHR or RMR.

Table 4 shows the results of T-test analysis
between the beginners and the skillful opera-

Note : Numbers in the cells are the observation numbers
that show significance with the nominator (p<
0.05). N : no significance.
*The observation number used as the base in the
T-test.
**RMR data were collected only at the 15t 4th 7th
and 10th observations.

tors. In the case of physiological strain param-
eters, no significant differences of IRHR and
RMR were indicated in any of the observa-
tions, except the IRHR on the turn tasking of
NDL-beginners in obs.#1. In case of the techni-
cal parameters, the results of Table 4 clearly
show that the technical errors of the NDL-begin-
ners were significantly higher than those of
skillful operators. On the other hand for the
DL-beginners, no significant difference of tech-
nical parameters with the skillful operator was
found after the obs.#5. In addition, the T-test
results showed “no significant difference” in
the tillage straightness deviation between the
DL-beginners and skillful operators in all the
observations.

Table b shows the results of T-test analysis
between the NDL and DL beginners. Some sig-
nificant results in the parameters of tillage
straightness deviation, starting-point error and

turn tasking time can be noted. In case of the
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Table 4 The T-test results of Beginners vs
Skillful operators
(by observation number)

Analysed Observation Number

Parameter 1 2ol slals5|6l7

Tillqgg Straightness

Deviation ajajaja)a NN

Tillage Starting-Point bl b
Error

Tillage Ending-Point
Error

o
o
©
©
)
Z

Turn Tasking Time

IRHR of Tillage Tasking

Z | o
ziZ|o
ZiZ| o
ZiZ |
ZiZ | e

IRHR of Turn Tasking

©

ZizzZ:Z|o

RMR of Tillage Tasking | N
RMR of Turn Tasking | N

Zziz:zz|e

Note :

a: Only the NDL beginner was statistically significant
(p<0.05).

b : All beginners (DL and NDL) were statistically signi-
ficant (p<0.05).

Table 5 The results of NDL vs DL-beginners
T-test (by observation number)

Analysed Observation Number
Parameter 102/3]4]5|6|7[8]9]10
Tillage Straightness
Deviation ¥ * x| x| NININ NI NN
Tillage Starting-Point
Error N|N|N|N |[*x|*%| % | % |N|=*
Tillage Ending-Point
Error N|N|N|N|N|IN|IN|N|N|N
Turn Tasking Time # % | % |N|N|N|N|N|IN|N
IRHR of Tillage Tasking [IN|N|N|N|N|N|N|N|N|N
IRHR of Turn Tasking [N|N|N|N|N|N|N|N|N|N
RMR of Tillage Tasking |[N|{—|—|N|—|—|N|—|—|N
RMR of Turn Tasking |N|— N|—|—|N|—|—|N

Note * : p<0.05, **:P<0.01, N : no significance.

tillage straightness deviation, there was signi-
ficant difference between NDL-beginners and
DL-beginners within obs.#1~4, but not for the
obs.#5~10. This fact means that the significant
improvement of tillage straightness capability
of the NDL-beginners occurred in obs.#1~4,
and the tillage straightness deviation of NDL-
beginners approached that of DL-beginners.
With the same thought, the turn tasking time
of the NDL-beginners had been improving in

obs.#1~3.

Table 5 shows that the tillage starting-point
operation of DL-beginners improved more pro-
gressively and their technical errors were sig-
nificantly less than that of the NDL-beginners
after the obs.#5 (refer also Fig. 7). This result
matched with the result given in Table 4, which
proved that no significant difference in tillage
starting-point error appeared between skillful
operators and DL-beginners after obs.#5, but
still appeared for NDL-beginners. The tillage
ending-point error and physiological strain pa-
rameters in Table 5 showed no significant dif-
ference between DL and NDL beginners in all

observations.
4. Conclusions

This research has provided basic ergonomic
data and analysis related to physiological strain
and technical performance of skillful operators
and NDL and DL beginners in the operation of
a ride-on reversible plow. In addition, the mas-
tering process and the task difficulties in the
plow operation were successfully identified.

Tillage straightness was proved to be the
most difficult task for the beginners to master.
The typical nature of the operation procedures,
which require putting one side of the tractor’s
wheel in a furrow that makes the tractor posi-
tion tilted, might be the main cause.

Through comparative analyses among the
subject groups, the different process to master
the tractor operation between the beginners who
had a car-driving background (DL-beginners)
and those who did not (NDL-beginners) could
be clearly understood. In this regard, the sig-
nificant advantage of automobile driving abil-
ity to the process of mastering tractor opera-
tion was clearly proved.

Through the analyses of physiological strain
levels, it has been proven that there is no sig-
nificant difference of physical burden between
beginners and skillful operators. However, high
physiological strain was recognized at the be-

ginning of practical experience of the NDL-
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beginners.

The necessary instructional steps and ade-
quate learning quantities for the beginners were
found. Compared to the DL-beginner’s group,
the improvement process of NDL-beginners in-
dividually varied and a high physiological strain
often occurred in the beginning of the learning
period. From the results of analyses on techni-
cal performance, an effective working (learn-
ing) time of about 65 and 68 hours is recom-
mended for DL and NDL beginners respectively
to reach the necessary level of performance.

The high interpersonal variation in the ana-
lyzed parameters among the beginners, NDL-
beginners especially, indicates differences in
motion abilities and perceptions among them
to perform the operation tasks. This suggests
that the instructor must consider the individual
differences among the beginners to guide and
instruct them, especially until they reach psy-
chological stability

In the following, the various measurement
results of the physiological strain and technical
performance parameters are synthetically con-
sidered. The physiological strain of NDL-begin-
ner as well as DL-beginner became a level, which
was equal to skillful operator within the fifth
observation. As a result of examining master-
ing process of various technical performances,
it was proven that the skill improvement of
tillage straightness was especially slow. From
above-mentioned various results, the time until
the technical performance of the tillage start
operation reaches the skillful operator’s level
is made to be a first step (DL-beginners : about
3 hours, NDL-beginners : about 43 hours) of
the mastering process, and the time after it
may be divided as the second step. In short, the
beginner surely acquires the basic operation of
the tractor in the first step, and it seems to
become a condition that stabilized in the men-
tality. Therefore depending on the situation,
the practice of the second step is considered

that it may be made to be the self-training.
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Abstract

This research was mainly conducted to ob-
tain basic ergonomic data about tractor opera-
tor performance and to analyze the mastering
process of tractor operation, especially revers-
ible moldboard-plowing using a ride-on trac-
tor. This paper mainly deals with the analysis
of learning curve patterns of beginners to as-
sess the necessary expertise level through a
comparison with skillful operators. Compara-
tive analyses between beginners who do and
do not have automobile-driving experience are
also discussed. Suggestions for the minimum
account of practice and instructional attentions
are also given.

It was proven that the automobile-driving
capability of beginners was cognitively advan-
tageous for the learning tractor operation. Com-
pared to the skillful operators, almost, no sig-

nificant difference in physiological burden was
recognized in the beginners, except at the be-
ginning of practical experience of the non-drivers-
licensed beginners. The tillage straightness was
clearly the most difficult task to be mastered.
In this regard, a minimum working (learning)
time of about 64 and 67 hours is recommended
for DL and NDL beginners, respectively, to reach
the necessary level of performance. From the
various results, the mastering process of re-
versible plow tillage may be divided into the
first and second steps. Depending on the situa-
tion, the practice of second step (DL-beginners :
after 3 hours, NDL-beginners : after 43 hours)
is considered that it may be made to be the
self-training.

Key Words

ride-on tractor, reversible plow, physiological
strain, technical performance, beginner, learning-
curve
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