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Abstract
The authors conducted a comparative study of continuous timing and work sampling, as applied by different observers.
Twelve researchers were split into two groups and carried out the same study, switching method every half an hour. The
study lasted 3 hours, corresponding to 6 iterations (3 iterations per method). Statistical analysis of data confirmed that
both methods may determine elemental breakdown with the same accuracy. Observer-induced variability had a minor
effect, and only on those time elements that were short and occurred less frequently. Error increased as the study progressed,
as the likely result of observer fatigue. Again, this trend was significant for short elements and not significant for longer
ones. This study may offer a warning against over-detailing elemental breakdown. Work cycles should be split in as
many elements as strictly necessary for achieving the specific purpose of the study. Splitting them in too many elements
just for the sake of description is counterproductive, because it places an excessive strain on the observer and it may
increase the risk of errors. A simple study design will facilitate replication by a number of different researchers, regardless
of method.
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Introduction
Originating over 100 years ago in the works published by Taylor (1895), work studies have become an
integral part of forest research (Sundberg 1988, Samset 1990). They are used for many practical purposes,
such as: setting work rates, scheduling harvesting
activities, and comparing technologies or work methods (Björheden 1991).
The core of most work studies is a time study,
whose purpose is to determine the time needed to
carry out a specific task, the associated output per unit
time and the effect of independent variables on time
consumption (Anson 1953). Time studies offer different resolution depending on the level of detail in which
they describe the studied process (Harstela 1988).
Elemental time studies are the most detailed and
consist of splitting the work cycle into functional
steps (elements) and then recording time consumption
separately for each of them (Kanawaty 1992). The benefits of elemental measurement are: 1) indicating which
specific process steps take more time, so that specific improvement measures will primarily target these
steps; 2) separating effective work time from delay
time (Björheden et al. 1995), since these two categories have different internal variability and could be
modelled in different ways; 3) separating functional
2013, Vol. 19, No. 2 (37)

elements that react to different work characteristics,
so that accurate sub-models can be developed (Bergstrand 1991).
Elemental breakdown can be obtained by timing
individually all work steps as they progress, or by
observing the work process at fixed or random intervals, and noting in which of the previously-defined
functional steps the work team is engaged in that
specific moment (Harstela 1991). The latter method is
called work sampling, and offers the main advantage
of allowing one researcher to follow more teams at a
time, by organizing a sequence of observation intervals for the different teams (Olsen et al. 1998). While
both methods should theoretically return the same
results if applied to the same conditions, the question
arises about whether they actually do, especially if one
considers the effect of observer proficiency and understanding of the method. It may occur that different people may respond differently to the two methods, and that they may work better with one or the
other (Motowildo et al. 1997). Despite the steady
progress of automated time studies (McDonald and
Fulton 2005), much of the work is still done manually
by field researchers, with all its advantages and limits
(Peltola 2003). For this reason, it is important to gauge
the variability introduced by the observer, as well as
the potential interaction between observer and methISSN 2029-9230
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od. Contrary to computers, human observers will tire
over the work day, which may affect their performance
and introduce further variability.
Therefore, the goals of this study were: 1) to
determine if the two study methods return the same
elemental breakdown when applied under the same
conditions; 2) to gauge the variability introduced by
the observer; 3) to check if record quality deteriorates
over time, as a consequence of observer tiredness.

Materials and Methods
The study was carried out during the COST Training School organized in December 2011 (www.
forestenergy.org). Forest engineering researchers from
all over the world gathered in Florence for the event,
offering an ideal pool for the experiment. Twelve young
researchers were selected for the test coming from
seven different European Countries. Before the experiment, all participants received specific lessons about
time study techniques. This was done withn the purpose for harmonizing methods rather than teaching
time study principles, since almost all participants were
already familiar with conducting time studies, which
they occasionally performed at home.
The researchers were then taken to the forest for
studying a tree processing operation in a pine plantation. The forest was located in the Apennine Mountain near Acquerino, not far from Pistoia and about 50
km from Florence. In the operation, a small processor
(Arbro 400S) was used mounted on a light excavator
(9 tonne Caterpillar). With the machine whole trees were
processed into 3 to 5 m sawlogs, separately piling logs
and slash, for later recovery and chipping. Trees were
skidded to the processor with a forestry fitted farm
tractor in a hot-deck chain, which forced the processor to recurrent waiting when the tractor was late to
deliver a new load. The operation was chosen because
it was developed according to a steady routine, made
of short and repetitive cycles. Once on site, the researchers were divided into two groups of six people.
Each researcher was given the same notepad, pencil
and manual stopwatch. They were all informed about
the purpose of the study, which was to determine the
elemental breakdown of processor work and especially the incidence of waiting time on the total time consumption. Before starting, time elements were jointly
defined, and so were the break points between sequential work steps (i.e. the moment in which a work step
ends and the following step begins). Time elements
and breakpoints are described in Table 1. The process was divided into few meaningful steps, which lasted long enough for easy recording with a manual stopwatch. The field day was organized in six iterations
2013, Vol. 19, No. 2 (37)
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Table 1. Description of the time elements
Manual processing: the operator delimbs and/or
crosscuts with a chainsaw those branches and
stem portions that are too big for the small
processor.
Mechanical processing: picking up, handling,
delimbing, crosscutting and stacking logs with the
processor.
Waiting for wood: processor and operator are idle
because no wood is available at the landing.
Other delays: any other interruptions of the work
process, except for those caused by the study itself
(these were excluded from recording).

of half an hour each, corresponding to about 5 tractor trips or 8 processor cycles per iteration. During each
iteration, one group conducted a classic elemental time
study based on continuous timing, while the other
group performed a work sampling study. After half an
hour, the groups switched time study technique. Researchers who had previously conducted the continuous time study switched to work sampling, while
those engaged in work sampling switched to continuous time study. At the end, all researchers had worked
half of the time with continuous time study and half
of the time with work sampling. Work sampling was
conducted at random intervals, whose duration has averaged 30 seconds (Miyata et al. 1981). All researchers were provided with random number tables and were
instructed to sample according to the interval sequence
contained in the tables. This was done to avoid the
risk of accidental synchronization between observation interval and cyclic elements. Tables were different for each iteration and researcher.
The researchers also noted the time at the beginning and at the end of each iteration, as well as the
diameter at breast height (DBH) of all trees processed
during that period. This information allowed calculating productivity, after DBH data had been transformed
into volume over bark using appropriate volume tables.
The study proper lasted for three hours, with a
lunch break in between. Before starting data collection proper, researchers did a warm-up exercise with
one of the teachers indicating the breakpoints as they
occurred. This was done in order to reach a common
understanding of the work process and the study
procedure. All researchers stood at the same safe distance from the processor, none having a better view
of the operation than the others. The day was clear
and cold, with temperatures just few degrees above
zero. That was assumed to cause tiredness and possibly affect observer performance.
The following day, each researcher organized his/
her data in an Excel sheet for delivery to the course
ISSN 2029-9230
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organizers. The authors then compiled all worksheets
in a single master database. This consisted of a balanced factorial experiment containing 72 samples, resulting from the combination of 12 researchers × 2 methods × 3 replications. A replication was considered as a
single half-hour time study bout. Elemental breakdown
was calculated as the percent incidence over total work
time, including delays. Before analysis, percentage data
were a subject to an arcsine transformation in order to
normalize their distribution. An arcsine transformation
is the most suited when data is expressed as percent
figures, and it did prove effective in restoring normality. The effect of treatments was gauged with classic
Analysis of Variance (AnoVA) techniques, returning the
strength and the significance of all main effects, namely: method and researcher.

Results
Processor performance was estimated at 7.6 m 3
over bark per scheduled machine hour (SMH), inclusive of all delays (Table 2). Time element breakdown
is reported in Figure 1, which highlights the substantial incidence of waiting time. Manual processing was
an important component of the work cycle and accounted for 11% of total scheduled time.

Table 3 shows the results obtained with the two
methods for each time element and iteration. Out of
24 possible matches, only 3 returned a statistically
significant difference between methods. The standard
t-test could not determine if these differences were
actually related to the method or to the observer, since
different observers applied different study methods
during each iteration. There was no difference between
methods once the results of all iterations were cumulated in one single three-hour long study session.
A full factorial ANOVA confirmed that study method was not a significant source of variation for any of
the time elements under study (Table 4). In contrast,
the observer introduced a minor (27%) but significant
source of variation when estimating the incidence of
one of the time elements, namely: waiting for wood.
In all cases, between 60% and 80% of the total variation was due to random factors, including the variability of the process itself. The interaction between method
and observer had no significant effect on variability, indicating that no observer was systematically more proficient with one method compared to the other.
The effect of observer tiredness was checked by
plotting the standard deviation from the mean incidence of each time element against the number of it-

Table 2. Main data about processor performance
Unit
Net time
Delays
Total time
Output
Output
Piece size
Net productivity
Gross productivity

Mean

s per iteration
1102
s per iteration
778
s per itera tion
1891
3
3.9
m per iteration
trees per iteration
7.9
3
0.535
m per tree
3
13.7
m per PMH
3
m per SMH
7.6

SD

Min

334
338
256
0.9
2.5
0.184
4.7
1.8

Max

328 1551
186 1518
1290 2570
1.1
5.8
2.0
15.0
0.283 1.161
4.7
34.4
2.3
11.9

Notes: m 3 = stem volume over bark; PMH = productive machine hours, excluding delays; SMH = scheduled machine hours,
including delays; SD = standard deviation.

Figure 1. Average element breakdown
Table 3. Percent incidence of time elements resulting from the two methods, per iteration and total
Iteration

Manual processing

Mechanical processing

Waiting for wood

Other delays

n°

C

WS

P-Value

C

WS

P-Value

C

WS

P-Value

C

WS

P-Value

1
2
3
4
5
6
All

16.3
15.6
12.2
3.2
5.7
9.2
9.8

17.2
15.8
9.5
8.1
1.4
12.6
9.9

0.6661
0.9091
0.4637
0.0441
0.0442
0.5289
0.9283

52.1
56.5
40.8
12.6
64.2
48.9
45.1

53.2
57.3
36.1
27.5
62.5
47.0
47.1

0.739
0.7989
0.3168
0.1352
0.7096
0.7375
0.6414

31.1
25.5
21.3
67.6
26.7
33.0
33.8

28.7
26.4
38.0
45.3
30.9
21.2
31.5

0.2988
0.7155
0.0209
0.1403
0.4341
0.264
0.5796

0.1
1.1
23.0
11.3
2.4
7.0
5.3

0.2
0.0
16.1
12.8
3.2
12.7
5.2

0.8064
0.1411
0.0612
0.8773
0.6875
0.1939
0.9555

Notes: C = continuous timing; WS = work sampling; P-Value = result of the t-test comparing C with WS; PValues in bold highlight statistically significant differences at the 5% level between C and WS.
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erations (Figure 2). As the study progressed, the
standard deviation increased for all elements, indicating that some observers were becoming less accurate.
Trends were modelled with the regression technique,
assuming that the model had no intercept, since no
deviation could exist before any measurement has been
done (i.e. iteration 0). The ascending trend was significant only for those time elements that had the
smallest incidence within the total cycle time, namely:
manual processing and other delays (Table 5).

Discussion
The productivity levels recorded with the study
were slightly higher than obtained from a previous
study using the same machine and operation, possibly as a result of the different species and the larger
tree size (Spinelli et al. 2009). In any case, these levels conformed to current Italian standards for job type
and machine size (Spinelli et al. 2010).

Figure 2. Standard deviation vs. study duration (in
number of iterations)

Table 4. Result of the analysis of variance for the arcsinenormalized element incidence values
Element

Factor

Manual
processing

Method
Observer
Interaction
Residual
Method
Observer
Interaction
Residual
Method
Observer
Interaction
Residual
Method
Observer
Interaction
Residual

Mechanical
processing

Waiting
for wood

Other
delays

SS
1.3E-04
0.143
0.107
0.881
0.008
0.148
0.289
1.982
0.011
0.670
0.269
1.491
6.6E-08
0.109
0.069
0.785

Variation F-Value P-Value
0%
13%
9%
78%
0%
6%
12%
82%
0%
27%
11%
61%
0%
11%
7%
82%

Power

0.007
0.711
0.531

0.9328
0.7224
0.8726

0.051
0.332
0.246

0.183
0.326
0.637

0.6706
0.9761
0.7879

0.070
0.157
0.296

0.346
1.961
0.788

0.5591
0.0544
0.6509

0.087
0.829
0.369

4.1E-06
0.608
0.382

0.9984
0.8125
0.9570

0.050
0.282
0.180

Notes: P-Values in bold highlight statistically significant effects at 5% level.

Observer ability seemed only marginally impaired by
fatigue, since variation did not increase sharply and
significantly for the main time elements. Besides, these
trends were estimated on relatively few data points,
so that the result may be indicative, not conclusive.
2013, Vol. 19, No. 2 (37)
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Table 5. Regression equations describing the
relationship between standard deviation and
study duration
b

Model: Standard deviation = a Iteration
Parameters
a
b
2
r
.-Value
2-Value

Manual
Mechanical
processing processing
0.297
1.330
0.881
45.557
0.001

0.303
0.944
0.318
3.792
0.109

Waiting
for wood

Other
delays

2.093
1.747
0.332
3.977
0.103

0.334
0.662
0.607
10.267
0.024

Notes: P-Values in bold highlight statistically
significant effects at 5% level.

The two timing methods on test returned the same
time element breakdown for studies lasting longer than
half an hour. Small but significant differences were
occasionally found for individual iterations, lasting for
up to half an hour. These differences concerned those
time elements that had the lowest incidence within the
total time consumption, such as short delays. Similar
findings were also reported by Olsen and Kellogg
(1983). Short elements like these are especially difficult to capture with a brief time study (Pehkonen 1978).
ISSN 2029-9230
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The observer-induced variability was minor, and
it was seldom significant. This might be explained by
two main factors. First, the relatively even level of
experience of the participants, who were all researchers and had already conducted time studies, although
with different frequency and intensity. Second, the
simple elemental breakdown adopted for the study,
which subdivided the process into few meaningful
steps, lasting long enough for easy recognition and
recording. It is likely that a more complex elemental
breakdown and a faster work pace may have resulted
in a higher variability of results (Nuutinen et al. 2008).
This is a warning against over-detailing elemental breakdown. Work cycles should be split in as many
elements as strictly necessary for achieving the specific purpose of the study. Splitting them in too many
elements just for the sake of description is counterproductive, because it places an excessive strain on
the observer and it may increase the risk of errors
(Magagnotti and Spinelli 2012). Designing a simple
breakdown and extending study duration over some
hours seem to be the best solutions for achieving
accuracy and reliability.
On the other hand, a long study session may incur the negative effect of observer fatigue. Pehkonen
(1973) stated that measuring accuracy declines after
two hours of study, as the result of observer wear.
Conducted under real field conditions, our study appears to confirm Pehkonens statement. If fatigue is a
problem, the elemental breakdown is articulate and the
study cannot be automated, then video recording could
be the answer (Björheden 1988). In this respect, there
would be good (statistical) reasons to design a study
with many iterations, on different days and times of
the day.
Finally, it is worth noticing that similar results were
obtained from a pool of observers, coming from different countries, where different time study practices
are possibly used. Before conducting the experiment,
all observers attended a two-day introduction course
to time study methods, and received careful instructions on data collection. Therefore, our experiment may
also point at the potential benefits obtained from common training actions in terms of methodology harmonization, which is a prerequisite for the efficient exchange of knowledge within Europe and beyond.

Conclusions
Continuous timing and work sampling may determine the elemental breakdown with the same accuracy,
provided that the elemental breakdown is simple enough
and that the study is extended over few hours. Under
these conditions, observer error may have a minor ef2013, Vol. 19, No. 2 (37)
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fect, and only on those time elements that are short and/
or occur infrequently. That accounts for researchers with
some previous experience of time studies, not for novice investigators. After few hours of observation, observer fatigue may affect study accuracy, regardless of
method. A simple study design will facilitate replication
by a number of different researchers.
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ÎÏÐÅÄÅËÅÍÈÅ ÂÎÇÄÅÉÑÒÂÈÉ ÍÀÁËÞÄÀÒÅËß È ÌÅÒÎÄA ÍÀ ÒÎ×ÍÎÑÒÜ
ÝËÅÌÅÍÒÍÛÕ ÈÑÑËÅÄÎÂÀÍÈÉ ÂÐÅÌÅÍÈ Â ËÅÑÎÕÎÇßÉÑÒÂÅÍÍÛÕ ÎÏÅÐÀÖÈßÕ
Ð. Ñïèíåëëè, Ð. Ëàéíà-Ðåëàêî, Í. Ìàãàãíîòòè è Ý. Òîëîñàíà
Ðåçþìå
Àâòîðû ïðîâåëè ñðàâíèòåëüíîå èññëåäîâàíèå íåïðåðûâíîé ñèíõðîíèçàöèè è âûáîðêè ðàáîò, èñïîëüçîâàíûå
ðàçëè÷íûìè íàáëþäàòåëÿìè. Äâåíàäöàòü èññëåäîâàòåëåé áûëè ðàñïðåäåëåíû íà äâå ãðóïïû è ïðîâåëè òîò æå
ýêñïåðèìåíò, ìåíÿÿ ìåòîä êàæäûå ïîë÷àñà. Èññëåäîâàíèå ïðîäîëæàëîñü 3 ÷àñà, ÷òî ñîîòâåòñòâóåò 6 ïîâòîðåíèÿì (ïî
3 èòåðàöèè íà ìåòîä). Ñòàòèñòè÷åñêèé àíàëèç äàííûõ ïîäòâåðäèë, ÷òî îáà ìåòîäà ìîãóò îïðåäåëÿòü ýëåìåíòíîå
ðàñïðåäåëåíèå ñ òîé æå òî÷íîñòüþ. Èíäóöèðîâàííàÿ íàáëþäàòåëåì èçìåí÷èâîñòü èìåëà íåçíà÷èòåëüíîå âëèÿíèå,
ïðè÷åì òîëüêî íà òå ýëåìåíòû âðåìåíè, êîòîðûå áûëè êîðîòêèìè è ïðîÿâëÿëèñü ðåæå. Îøèáêà óâåëè÷èâàëàñü ïî ìåðå
ïðîäîëæåíèÿ èññëåäîâàíèÿ êàê âåðîÿòíûé ðåçóëüòàò, âûçâàííûé óñòàëîñòüþ íàáëþäàòåëÿ. Îïÿòü æå, ýòà òåíäåíöèÿ
áûëà çíà÷èòåëüíà äëÿ êîðîòêèõ ýëåìåíòîâ è íå èìåëà ñóùåñòâåííîãî çíà÷åíèÿ äëÿ áîëåå ïðîäîëæèòåëüíûõ. Äàííîå
èññëåäîâàíèå äîïóñêàåò âîçìîæíîñòü ïðåäîòâðàùåíèÿ ÷ðåçìåðíîé äåòàëèçàöèè ýëåìåíòíîãî ðàñïðåäåëåíèÿ. Öèêëû
ðàáîòû äîëæíû áûòü ðàçäåëåíû íà ìíîãî÷èñëåííûå ýëåìåíòû, ÷òî ñòðîãî íåîáõîäèìî äëÿ äîñòèæåíèÿ êîíêðåòíîé
öåëè èññëåäîâàíèÿ. Ðàçäåëåíèå èõ íà ñëèøêîì ìíîãî÷èñëåííûå ýëåìåíòû òîëüêî æåëàÿ óêàçàòü êîíòðïðîäóêòèâíîñòü
îïèñàíèÿ, ïîñêîëüêó ýòî íàêëàäûâàåò ÷ðåçìåðíóþ íàãðóçêó íà íàáëþäàòåëÿ, ìîæåò óâåëè÷èòü ðèñê âîçíèêíîâåíèÿ
îøèáîê. Íåñëîæíûé äèçàéí èññëåäîâàíèÿ áóäåò ñïîñîáñòâîâàòü ðåïëèêàöèè ðÿäà ðàçëè÷íûõ èññëåäîâàòåëåé,
íåçàâèñèìî îò ìåòîäà.
Êëþ÷åâûå ñëîâà: âðåìÿ èññëåäîâàíèÿ, ìåòîäîëîãèÿ, òî÷íîñòü, âûáîðêè ðàáîòû, îïåðàöèè
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