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Abstract

The existence of considerable productivity differences between operators is well known in forestry work studies. Several
techniques have been developed to manage operator (i.e. inter-individual) effects and thus enable general conclusions to be
drawn. In the Nordic countries inter-individual variations have generally been managed by using “within-operator” compari-
sons. The methodology is equivalent to the statistical method of blocking, when defining each operator as a block effect. Un-
fortunately this approach has traditionally been referred to as “comparative studies,” although it only addresses one of many
possible components of genuine comparative work studies. In the traditional motivation for usage of operator blocking it is as-
sumed that productivity relationships between work methods are independent of the operator if the same operator works with
both methods. Hence, comparisons of relative productivity should ignore inter-individual variations, enabling universal produc-
tivity relationships between methods/conditions of interest to be determined. Unfortunately this assumption has often been
taken literally, with expectations of productivity relationships to be identical between individuals instead of on a population
level. In this article the literal approach is scrutinized using the time taken by 12 operators to undertake various tasks in an ex-
perimental study of firewood processing with different machine systems and round wood types. Operators, as a population, did
respond in a similar manner to treatments, but there was great variation between individuals. Hence, the assumptions of literally
uniform individual productivity relationships should, therefore, be replaced by a population based theoretical foundation, which

justifies the continued use of operator blocking to objectively handle the inevitable operator effect in forestry work studies.
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Introduction

The scientific discipline of work science systematically
evaluates existing and proposed human-machine-
environment systems (Bjorheden 1991; Wilson 1998). This
is a challenge within all applications of work science
(Karwowski 1991), but is especially difficult in forestry
since work is carried out in a complex and highly variable
environment (e.g. Vory 1954; Samset 1990, 1992). As in
other areas of work science, the differences in performance
between operators are large and have been found to differ by
as much as 114%, 300%, 80% and 77% between the most
and the least productive operators in manual (Harstela 1975),
motor-manual (Reichel 1999), mechanized (Purfiirst 2009),
and simulated mechanized work (Harstela 1988), respec-
tively. To design and perform studies that evaluate the fac-
tors that influence performance, without them being con-
founded with other relevant factors, is therefore a great chal-
lenge in forestry.

The systematic evaluation of human-machine-
environment systems in forestry is conducted by work stud-
ies. Traditionally, the main focus has been on the system’s
productivity (ratio of output to input) or efficiency (ratio of
input to output). For simplicity, herein the term productivity
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will be used when generally addressing either of the ratios.
Because of the main focus, an important part of forestry work
studies is time study, in which time consumption is measured
in combination with the measurement of output (Bergstrand
1987; Bjorheden 1991). Forestry time studies can generally
be divided into two categories: comparative studies and corre-
lation studies (Bergstrand 1987; Samset 1990) (Figure 1). In
comparative studies, the objective is to compare two or more
machines or methods (i.e. one or a set of relevant influencing
factors) while other influences remain constant and equal. In
correlation studies the objective is to describe the relation-
ships between productivity and variations in relevant influenc-
ing factors, usually environmental factors. For practical rea-
sons, studies normally involve a combination of comparative
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and correlation studies, with the specific objective normally
determining how the study is classified (comparative or cor-
relation). For instance, correlations are often used in com-
parative studies of the highly variable forest environment in
order to enable comparisons to be made under the same con-
ditions (e.g. the same mean tree size).

There is general consensus about the common use of
the comparative and correlation approaches in forestry time
studies in relation to examining influencing factors related to
machines and the environment. When it comes to examining
the influence that humans have on the system under evalua-
tion, however, there are long-standing controversies espe-
cially accentuated in Europe. Unfortunately, the scientific
debate is effectively obstructed by a confusing nomenclature.
Figure 2 illustrates the relationship between traditional
strategies for handling the human influence (hereafter called
the operator effect) in forestry comparative time studies.
Despite the fact that it is seldom considered, these strategies
are all within the comparative study methodology but are
based on slightly different approaches to scientific phi-
losophy and practical necessities. As mentioned, for-
estry time studies are generally based on a comparative
foundation and, moreover, with the modern advances in
statistical methods the distinction to correlation studies
becomes less and less visible. Thus, much of the theo-
retical input in this article is also applicable to correla-
tion studies, especially since correlation elements are
involved in some of the comparative study methods
described.

Given that machine and environmental factors are
kept constant in a comparative study, two schools are
available for considering the operator effects. Either
productivity data need to be corrected prior to data
analyses to account for the effects or they do not. In the
former, correction is normally based on correlations

Figure 1. Model of statistical approaches
used in forestry time studies to isolate the
main effects from any influencing factors.
Methods commonly used for specific factors
are indicated by solid lines while less fre-
quent usage is indicated by dashed lines.

other by having operators work under identical conditions
(e.g. the use of a standard environment and task) and through
having standard operators working in parallel to all the work-
ers in the study (Samset 1990). In the subjective method of
correcting data relating to operator’s performance, assess-
ments of experts in time study are used. This is the case for
the traditional method of performance rating, which has been
used in both experimental evaluations, and in studies focusing
on production planning and setting salaries. The method fo-
cuses on the actual levels of production, but requires a large
number of prior work observations in order to establish the
expert assessors’ norms. For further descriptions of perform-
ance rating, interested readers are referred to e.g. Barnes
(1980), Wittering (1973), and Kanawaty (1992). Performance
rating has a strong tradition in forestry in continental Europe
and Great Britain, but also has often been criticized for its
subjectivity (i.e. it is biased by the expert’s interpretations
already when collecting the data) (Mattson Marn 1953;

1. Comparative
studies

| |
1.1 Correction for 1.2 Correction for
operator effects operator effects

priorto analyses integratedin analyses
I (i.e. operator blocking)

between operator performance and productivity, in or-
der to normalize operators’ performance to a standard
level. Two distinct approaches can be found: one based

Objective correction
(i.e. normalization)

111 1.1.2

Subjective correction
(i.e. performance rating)

on objective corrections and one on subjective correc-
tions (Figure 2 boxes 1.1.1 and 1.1.2, respectively). In
the search for a method for good objective correction,
operators’ performance has been normalized to each
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Figure 2. Model of relationships between different methods of han-
dling the effects of operator in comparative time studies.
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Steinlin 1955; Karkkdinen 1975; Samset 1990, 1992). A
combination of subjective and objective corrections has also
been proposed (Gullberg 1995).

Those who argue against data correction prior to analy-
ses (Figure 2, box 1.2) assume that the operator effects are
controlled for in the study design, by having all operators
work with all machines and treatments. In statistical design
terms this is known as blocking, in this case on the basis of
the operator (Figure 3). Naturally, an alternative approach
that integrates the effect into statistical analyses would be to
study many operators without blocking (or to use blocking
but to ignore it in the analyses) and thus treat any effects as a
component of the random error. However, the random error
approach is neither appropriate nor desirable given the nor-
mally large operator effect and the small number of operators
usually examined in forestry time studies. The operator
blocking methodology has a strong tradition in the Nordic
countries and, unfortunately, is referred to as “comparative
studies” by many authors (Makkonen 1954; Harstela 1975;
Kérkkdinen 1975; Harstela 1988), despite the fact that its
main focus (the operator effect) is just one of many factors
making up a full comparative study (Figure 1). In addition,
even within the area of controlling for the operator effect, it
is just one of many methods of conducting comparative stud-
ies (Figure 2). Since operator blocking correctly describes
the method used to handle operator effects in this way, it will
be used hereafter in this paper when referring to this method
of controlling for operator effects (Figure 2, box 1.2).

Blocking is a common statistical design in which the
nuisance effect (e.g. operator) is compensated for by inte-
grating it into the statistical analyses. However, in contrast
to environmental and machine-related factors, a given opera-
tor’s performance is highly dynamic because of human
physiological and psychological characteristics (e.g. Ka-
nawaty 1992; Motowildo et al. 1997; Sonnestag and Frese
2002). The validity of blocking over operators is, therefore,
debatable. When introduced into forestry time studies in the
middle of the 20™ century, operator blocking was promoted
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as an objective method to decrease the variation caused by the
operator and thus improve predictions of productivity for dif-
ferent work methods and conditions (Almqvist 1945; Mattson
Mérn 1953; Makkonen 1954). Hereafter, for increased read-
ability, work conditions will be included in the term “work
methods”. From the initially generally mild phrasing, the
approach has developed gradually into a more rigid theoretical
framework with the assumption justifying the procedure of
operator blocking being that the relationship in productivity
between work methods was independent of operator if the
same operator works on all methods (Héaberle 1965; Harstela
1975; Kérkkdinen 1975; Harstela 1988; Reichel 1997; Reichel
1999). When the universal relationships between methods
have been established, it should thus be possible to predict the
various productivities of operators by examining only one of
the methods of interest. Hence, there are great potential sav-
ings with respect to experimental and monitoring resources
with this assumption. Unfortunately the assumption has often
been taken literally, with expectations of identical productiv-
ity relationships between individuals and not on a population
level. Therefore, the literal approach is scrutinized in this
article and the assumptions are addressed on an individual
level, in deliberate contradiction to general statistical practice.
Hence, the three principles underlying the assumptions or
hypothesis of operator blocking are here applied on an indi-
vidual level and are defined and referred to as follows:

P1:  The relative productivity between two work methods is
independent of the operator if the same operator works
with both methods.

P2:  An operator’s productivity with one method is predict-
able on the basis of productivity with the other method,
by determining the universal relationship between
methods.

P3:  The operator-induced variation is reduced when the
same operator(s) work with both work methods, com-
pared to having different operators for each method.
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Protagonists of performance rating have criticized op-
erator blocked studies for neglecting the well-known vari-
ability in human physiological and psychological characteris-
tics (Appelroth 1989; Thompson 1992). Sundberg (1988)
has described the intense argument, which reached its peak
in the middle of the 20™ century, between those advocating
performance rating and those supporting operator blocking
studies. The remaining part of this paper addresses the prin-
ciples and analysis of operator blocked studies.

Due to the relative aspects of P1 and P2, analyses have
often addressed the relative productivity of different opera-
tors; productivity in terms of absolute values over operators
has been considered less frequently. Due to this focus, the
method has sometimes been called “relative stud-
ies” (Haberle 1965; Reichel 1997; Reichel 1999), even
though analyses of both absolute and relative values can be
combined. The use of absolute values enables inclusion of
e.g. environmental co-variates, in order to allow comparisons
between treatments under the same conditions. However,
with both treatment differences and operator effects being
statistically confirmed, the relative magnitude of differences
between machines, for example, can lead to more robust gen-
eralizations than the absolute differences between operators
(e.g Lindroos 2008).

Various authors have argued that the principles of op-
erator blocking are valid (Almgqvist 1945; Mattson Marn
1953; Makkonen 1954; Héaberle 1965), but it has not often
been empirically tested. Hitherto, studies have involved ei-
ther few operators (n=4) and a relatively large number of
repetitions of the task (=18 work cycles per treatment)
(Harstela 1975, 1988) or many operators (n=101) but few
repetitions of the task (one work cycle per treatment)
(Reichel 1999). Studies involving manual workers (Harstela
1975; Karkkédinen 1975; Reichel 1999) and machine opera-
tors (Harstela 1988) indicate that the less the work methods
or conditions differ in terms of skills required by the opera-
tor, the more valid is P1. Some authors have analyzed the
principles by comparing the coefficient of variation (CV, i.e.
standard deviation x mean value™ x 100) of the productivity
of different operators within the treatments and the CV when
the relative productivity of operators is compared. A lower
CV in the relative comparisons has been found by Kark-
kdinen (1975), based on material by Vuoristo (1937) and
Harstela (1970), and by Harstela (1975, 1988); these results
have been interpreted as supporting P1-P3. Without focus-
ing on CV, Reichel (1999) also provided evidence in support
of P1 by comparing the pairwise relationships between four
conditions (two tree types and two ground slopes), which
were found not to vary between operators (the mean relative
comparisons differed < +6 percentage units). For P2 it was
shown that the ratio between two work conditions for a sin-
gle operator is not enough to predict the ratio of a large
group of operators (Reichel 1999). However, P2 has been
supported in studies of small groups of operators, involving
only four individuals (Harstela 1988). One of the more re-
cent contributions concluded that neither P1 nor P2 could be
supported in a field study of manual planting (Granhus and
Fjeld 2008). For the same treatment comparison, two opera-
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tors’ relative productivity differed between 1.4 and 8.8 per-
centage units, with no consistent patterns between compari-
sons. However, operator influences were confounded with
environmental effects (different planting sites) in the study.

Due to an apparent confusion on whether or not the prin-
ciples of operator blocking can, or should, be applied on an
individual level, it is not surprising to find inconsistent results
and an uncertainty about how to analyze and interpret the re-
sults of previous studies. Therefore, further scrutiny of the
principles associated with operator blocked studies is war-
ranted. In this article, the principles are tested by use of em-
pirical data from 12 operators who participated in a 2x2-
factorial time study of firewood production. The material is
valuable because of its simplicity and the homogeneity of
working conditions compared to many other forestry time
studies; yet it is similar to such previous studies in its distinct
operator effects.

Material and Methods

Two firewood production systems were studied; one
including two machines and the other including just one ma-
chine. Wood of two classes was processed in tests with each
machine. To serve the aim of developing the methodology
and maintaining clarity, only results on the system level will
be examined and only a brief description of the study method-
ology is given. Readers who are interested in the full descrip-
tion and analysis relating to machine productivities and opera-
tors’ performance and perception are referred to Lindroos
(2008, 2009).

The Cut-Split System consisted of a blade saw and a
hydraulic wedge splitter, with which the two steps in the proc-
essing were conducted separately in time and space. The
Processor System consisted of a firewood processor with a
blade saw and a hydraulic wedge splitter, with which the two
processing steps were separated in time but integrated spa-
tially. A chunk that was cut off a log fell into the machine’s
splitting department and the operator actuated the splitting and
waited until it had been split before the next cutting. Manual
loading of the chunks to be split was thus avoided. All three
machines were electrically powered and produced by Len-
nartsfors AB (Arjing, Sweden).

Twelve operators were selected through snowball sam-
pling (i.e. potential study subjects recruit other potential sub-
jects from among their acquaintances) to compose a homoge-
nous group of males with recurrent annual experience of proc-
essing more than 10 m® of solid firewood with a circular saw
cutter and hydraulic splitter. Grounds for excluding candi-
dates were smoking, restraining physical conditions, experi-
ence of processing firewood volumes exceeding 50 m® per
year, and experience of work with a firewood processor. Op-
erators’ mean (standard deviation (SD), interval) age, height,
and mass (the latter with clothes and shoes) were 69.6 years
(5.5, 60-79), 1.73 m (0.06, 1.65-1.85) and 79.9 kg (5.2, 70.9-
90.2), respectively. Prior to the study, operators were asked
about their motivation for their routine firewood processing,
which yielded a high mean score: 7.1 (SD 1.6) on a 10-grade
scale, where 10 was the highest possible motivation for the
work. Operators were instructed not to discuss the study with
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each other.

The study was conducted on 91.9 m® solid birch
(Betula sp.) wood, bark included. Logs (n=2,199) were
sorted into three groups according to their root end diameter
over bark. Logs in the medium root end diameter group con-
stituted Wood Class 1, while the logs in the smallest and
largest root diameter group were combined in a ratio of 5:1
to constitute Wood Class 2. The logs’ diameter over bark at
the top end was >5 cm, their lengths were between 2.0 and
6.0 m. The mean log volume for work shifts were, respec-
tively, 0.0538 m* (SD 0.0015 m?) and 0.0338 m* (SD 0.0028
m?) for Wood Class 1 and 2, with no significant differences
between systems (T<1.65, p>0.191). Mean log volume was
tested as a covariate in the Analysis of Variance model
(below) but did not contribute significantly in the model (p=
0.054) and only increased the level of explained variance
(R?) by one percentage unit. Therefore, the mean log volume
was considered equal between all treatments and operators,
but with an intentional higher variation in Wood Class 2.

Each day was divided into three 90-minute shifts and
an individual operator worked on all treatments over a two-
day period. Between each of the three shifts during an indi-
vidual working day there was a 95-min (SD 17-min, interval
64-131 min) period of rest with sustenance. Operators had at
least one day of rest between workdays. One operator
worked with all three machines during each day. In all of the
tests with the Cut-Split System the wood was processed se-
quentially by cutter and then splitter in a single day. Opera-
tors were randomly assigned to treatment orders and work
days and the total study time was 109 hours, of which 0.9%
was delay time.

Time consumption for the work was recorded through
continuous time studies. Prior to each work shift, operators
were told to work at their own pace and were given instruc-
tions regarding safety and standardized work routines. The
chunk length was set to 30 cm and all wood chunks were to
be split. Operators worked under active supervision for 5-10
minutes prior to each shift. During work shifts, operators
were observed by a researcher who corrected unsafe behav-
ior, violations to standardized work routines, and helped to
correct machine malfunctions. Other than those actions the
researcher did not intervene during the work.

Effects of treatments were analyzed using Analysis of
Variance (ANOVA) with a model containing the fixed effects
of system and of wood class, the random effect of operator,
and the random interaction effect of system and wood class
(further details are provided in Lindroos (2008, 2009)). The
random effect of operator was excluded from the model when
(deliberately erroneously) examining the operator’s influence
on mean productivity. A general linear model (GLM) was
used for analyzing the ANOVA models (Minitab 14, Minitab
Ltd.). During the GLM procedure, pairwise differences were
analyzed with Tukey’s simultaneous test of means. This pro-
cedure allowed analyses of differences between, for example,
systems and wood class combinations while also considering
the operator blocking. Analyses of Pearson’s correlation coef-
ficient were used to determine variable relationships, which
were visualized using simple regression lines. The signifi-
cance level was set to 5%.

Results

The study was successful in terms of evaluating differ-
ences in time consumption between systems and wood
classes. Work was conducted more efficiently with the Proc-
essor System than the Cut-Split System; wood of class 2 re-
quired more work time per m’ than wood of class 1 (ANOVA,
p<0.001), and there was no interaction effect between system
and Wood Class (p=0.479). Moreover, there was a significant
difference in time consumption between operators (ANOVA,
p<0.001). When considering operator blocking, time con-
sumption for all four combinations of systems and wood
classes were significantly different (Tukey test, p<0.007).
When (erroneously) excluding operator from the ANOVA
model, significant differences between the main effects sys-
tems and wood classes (p<0.005) were still found. However,
in this case, fewer differences between the four treatment
combinations were identified. Significant differences between
systems when working with the same wood class were found
(Tukey test, p<0.004) but there were no significant differences
within the systems when working with the two different wood
classes (Tukey test, p>0.100). If the operator variable was
excluded, the level of explained variance (adjusted R?) in the
ANOVA model decreased from 85% to 44%.

The ANOVA analyses showed that even though the ab-

Table 1. Time consumption (min m™) for the operators’ work with system and wood class combinations.

Cut-Split System

Processor System

Wood Class 1 Wood Class 2 Wood Class 1 Wood Class 2
Mean &7.00 99.94 57.49 74.15
SD 19.98 18.01 16.28 14.38
CV 23% 18% 28% 19%

SD = standard deviation, CV = coefficient of variation (SD x Mean™ x 100).
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solute productivity values varied between operators, opera-
tors generally responded similarly to the treatments. The
result could be represented visually by arranging the data as
shown in Figure 4, since the order of treatments was gener-
ally constant. The order is only changed (lines intersect) on
five out of 66 possible occasions. The least efficient opera-
tor required between 66% (Cut-Split System with Wood
Class 2) and 119% (Processor System with Wood Class 1)

more time than the most efficient operator (c.f. Figure 4).

The pairwise relationship between time consumption per
m?* of processed wood for combinations of systems and wood
classes varied between operators; this can be seen in the
highly variable vertical distances between lines in Figure 4.
The variation becomes even clearer when ratios of the pair-
wise combinations are plotted, as in Figure 5, in which 18 out
of 66 possible line intersections occur. If there were no rela-
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and the other wood class) are not
shown.
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Table 2. Pairwise comparisons of time consumption for all possible combinations of the two systems and the two
wood classes. The two comparisons of unrelated treatments (one system and one wood class compared to the other

system and the other wood class) are given in italics.

Comparison Mean SD CvV
(n=12) (%)
Processor, Wood 1 / Cut-Split, Wood 1 0.66 0.10 15
Processor, Wood 2 / Cut-Split, Wood 2 0.75 0.13 17
Cut-Split, Wood 1 / Cut-Split, Wood 2 0.87 0.08 9
Processor, Wood 1 / Processor, Wood 2 0.78 0.18 23
Processor, Wood 2 / Cut-Split, Wood 1 0.86 0.12 13
Processor, Wood 1 / Cut-Split, Wood 2 0.57 0.07 13

SD = standard deviation, CV = coefficient of variation (SD x Mean™ x 100).

tive differences between operators, and random errors could
be completely avoided, the lines should all be horizontal with
no intersections.

The CV of the relative pairwise comparisons of time
consumption per m* of processed wood for different wood
classes and systems ranged from 9% to 23% (Table 2). For
two comparisons (systems within Wood Class 1 and wood

classes within the Cut-Split System), the CVs for the compari-
sons were lower (=8 percentage units) than the CVs within
compared treatments (Tables 1 and 2). The CV for the com-
parisons was equal (+1 unit) to the CV within one set of com-
pared treatments (systems within Wood Class 2) and higher (4
units) than the CV in another set of compared treatments
(wood classes within the Processor System).
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For the six pairwise combinations of the four treat-
ments, significant correlations with respect to time consump-
tion per m® of processed wood were found between four of
them (r >0.758, p<0.004) (Figure 6). The combinations
without significant correlations were between systems in
Wood Class 2 and between wood classes in the Processor
System.

Discussion

Independent Productivity (P1)

The lack of constant productivity relationships between
work methods for different operators can be seen in Figure 5.
This finding is in line with Kérkkédinen’s (1975) conclusion
that such relationships are dependent on the operator. If the
relationships were independent of operator and random er-
rors could be avoided, there would have been one horizontal
line for each treatment in the figure and consequently no
intersections. Given the controlled experimental setting and
the large variation in ratios between operators, random data
collection errors are not likely to be the main reason for the
irregular shape of lines. However, as a certain level of ran-
domly generated variation inherently could be expected and
might in theory be the reason for differences in the relation-
ships, P1 is discussed below in both a more pragmatic and a
more fundamental manner with both perspectives leading to
the rejection of P1 on an individual level.

In other studies specifically designed to scrutinize P1,
the coefficient of variation (CV) has been used for empirical
analysis. Both Kérkkdinen (1975) and Harstela (1975, 1988)
concluded that the CV of the relative comparison between
different methods was lower than the variation in absolute
values within methods, and argued that this supported the
principles of operator blocking studies. There are, however,
several uncertainties about how CVs should be compared
and what ratio should be analyzed.

First, if P1 is valid, the relative comparison of methods
should always result in constant values for different opera-
tors. Consequently, besides the random error the CV in rela-
tive time comparisons should always be zero regardless of
the level of CV within each of the two compared treatments.
The CV of relative comparisons have, in the best cases, been
as low as 3.9% (five operators, motor manual work (Harstela
1975)) and 5.7% (four operators, mechanized simulator work
(Harstela 1988)). On the other hand, Reichel (1997, p 139-
141) recorded CVs of relative comparisons in the interval
21-40%. In the current study the CV values for the compari-
sons were 9-23% (Table 2).

Secondly, if P1 is valid, absolute values in two treat-
ments would have to co-vary to enable the stipulated con-
stant ratio. Consequently, CV for the two treatments would
be identical and would be intrinsically greater than the CV of
the relative comparison. In the current study, the CV of the
relationship between treatments was, indeed, always lower
than the CV for at least one of the treatments that was used
in the comparison. However, the CV of the ratio was lower
than both treatment CVs in only two of the four comparisons
of interest. Similar results were obtained by Reichel (1997, p
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139-141), who found that most CVs for relative pairwise com-
parisons between treatments tallied (all within £11 percentage
units) with CVs within treatments and that the treatments’ CV
varied in magnitude; this was the case even after adjusting
work time to represent standard working conditions by using
regression functions. Consequently, studies with more than
five operators have hitherto failed to show both the equal
magnitude of the CVs in the treatments and the lower CV in
the comparisons between treatments.

However, if the CV is an appropriate measure for evalu-
ating the data, but still exhibits great variation, the critical
question is how to discriminate between variations due to ran-
dom errors and variation due to an erroneous principle. This
leads to the question of whether or not there is a maximum
level of CV for the treatment comparisons that is acceptable
for supporting P1. From a practical point of view, it could be
suggested that an acceptable level should be assessed in terms
of the number of operators necessary in order to establish the
relationship between methods at a given statistical risk. If, for
instance, three operators are considered to be the maximum
number acceptable if a relationship is to be established with a
statistical risk of 5%, the maximum level of CV will be 4.3%
according to:

2
n=4x g

b (1]

where n = number of operators, CV= coefficient of vari-
ance (%) and p= statistical risk (%) (Bergstrand 1987, p. 24).
This statistical approach, however, requires a defined number
of operators in order to calculate maximum levels of accept-
able CV. Such a definition can hardly be objective, which
means that the method is of little value when scrutinizing
principles.

Because the definition of P1 uses the term “independent
of operator” there can hardly be any objective grounds to es-
tablish such an acceptable level of variation, either from a
scientific or a philosophical point of view. Even if a statistical
method could be found and applied to test P1 at a given statis-
tical risk, there are logical contradictions. An individual’s
performance is not a static feature but the result of a combina-
tion of physiological and psychological characteristics that
can vary over a short period of time, as has been demonstrated
and discussed both in general (e.g. Kanawaty 1992; Motow-
ildo, et al. 1997; Sonnestag and Frese 2002) and in forestry
(Vory 1954; Steinlin 1955; Appelroth 1980) performance and
work science literature. Accordingly, in terms of an exact
concordance in relative productivity comparisons between
operators, P1 is not logical and has consequently never been
demonstrated empirically (c.f. Figure 5). Consequently, based
on its doubtful logic, in combination with empirical evidence
from this and previous studies, it can be concluded that there
is no support for P1 on an individual level. However, here, as
well as in previous research, it has been shown that a popula-
tion of operators responds similarly but that there is great
variation between individuals.
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Productivity Predictions (P2)

Even though the lack of support for P1 also implies
rejection of its application P2 on an individual level, the pre-
dictive features deserve separate scrutiny. P2 has been sup-
ported by Harstela (1988), who found high correlations (r >
0.89, p< 0.108) between two working methods for four op-
erators working with a forwarder simulator. On the other
hand, Reichel (1999), found that a model operator was not
sufficient to predict the productivity of 101 studied operators
and four combinations of work conditions. Within Reichel’s
operator group there were, however, correlations between
pairwise work combinations. In the current study there were
significant correlations between treatments, but only for two
of the four relevant pairwise comparisons (Figure 6). Even
though all six pairwise comparisons showed a positive rela-
tionship between time consumption, the large variations in
both absolute and relative comparisons (Figure 6 and Table
2) indicate, however, great limitations for predictive features.
Consequently, P2 cannot be supported on an individual level
because of both the inconsistent empirical evidence and hu-
man variability with respect to physiological and psychologi-
cal characteristics. However, this study, as well as previous
research, shows that it is possible to predict productivity for
a population of operators, but with large variation between
individual operators.

Similar Productivity (P3)

That operators respond in a similar way, but not identi-
cally, to treatments has generally been found in previous
studies (Harstela 1975; Karkkdinen 1975; Harstela 1988;
Reichel 1999) as well as in the current one (Figure 4). How-
ever, with no support for P1 on an individual level, the valid-
ity of the operator blocking study methodology as a way of
reducing the variation caused by operators (P3) can also be
questioned. Hitherto, the aforementioned findings of a lower
CV in the comparisons between treatments than within the
treatments have been taken as evidence supporting both P1
and P3. However, previous findings were contradicted to
some extent in this study. Moreover, such analysis suffers
inevitably from the effect of operator blocking and does not
provide a valid method for evaluating P3. Consequently,
with no support for P1 on an individual level, P3 needs to be
tested separately. In such a test, the variation associated with
the work of a set of operators, each working with e.g. two
methods (operator blocked), should be compared with the
variation associated with another set of operators, from
which each operator only worked with a single method (not
operator blocked). Consequently, the number of operators
would be twice as large in the non-operator blocked set. To
date, to the author’s knowledge, no such test has been under-
taken in forestry time studies. However, based on the find-
ing that operators generally respond similarly to treatments,
the operator blocking study methodology is likely to have the
lowest operator based variation.

In the current study, different ANOVA models for ana-
lyzing the results were compared, in order to statistically
examine the potential loss of analytical accuracy if operators’
similar treatment responses were not considered (i.e. treating
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observations as operator-independent and not operator-
blocked). In this case, productivity levels were statistically
different between fewer treatment combinations and the level
of explained variance was halved. The comparison here
serves as an indicative example, but it should be pointed out
that omission or removal of the operator effect, which was
found to be significant, from the ANOVA model would be
erroneous due the study design.

Although, as yet, no forestry time study experiments
have been specifically designed to confirm P3, there are many
observations that support the principle. The similar produc-
tivity levels should not, however, be taken as an excuse for
not dealing with the operator-induced variation that will inevi-
tably occur in experimental studies. To select the operator
population based on desired features and in numbers selected
on the basis of the expected variation in relation to the statisti-
cal accuracy required will still be important when designing
successful studies.

Strengths and Limitations of the Study

A large variation in productivity was found among op-
erators, despite their homogeneity in demographic variables
and work experience. This finding conforms with the opera-
tor variation recorded in innumerable other studies. More-
over, these variations made the data material suitable in ana-
lyzing operator blocking in comparative work studies.

Compared to most other comparative forestry work stud-
ies, the operators in the current study were numerous but were
also older and had not performed the work professionally.
However, professionals specializing in firewood production
are not common in Sweden (Lindroos et al. 2008b), so the
category of experienced leisure time workers was probably
the most appropriate for the studied work type. Given that
results relating to the principles of operator blocking are in
line with previous studies, age does not seem to be correlated
to principle validity.

The current study was performed using rather simple
machine systems with little difference in the required physio-
logical and psychological characteristics. In addition, the
study was performed in an environment and with raw materi-
als (wood classes) considerably more standardized than most
forestry time studies. All these elements were considered
essential in the scrutiny of operator blocking principles since
it has previously been concluded that the less the conditions or
work methods differ in terms of the necessary skills of the
operator, the more constant are the operators’ relative produc-
tivities (Harstela 1975; Karkkdinen 1975; Harstela 1988; Rei-
chel 1999). Despite the experimental set-up, the differences
in relative productivity were higher than those found in the
planting study by Granhus and Fjeld (2008) even though the
operator effect in their study was confounded with environ-
mental effects (different planting sites).

Like most previous studies examining the principles of
operator blocking, the work studied was not mechanized. In
mechanized work, a higher proportion of mental work is re-
quired in comparison to physical work (Gellerstedt 1993).
Given the many and interacting psychological features that are
aggregated as mental capacities (e.g. cognitive abilities, moti-
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vation and personal traits), such a change is not likely to
eliminate the operator effects. In mechanized work, opera-
tors may have less opportunity to influence specific work
elements due to technical limitations, but when and how
work elements are combined are, nevertheless, influenced by
the operator’s performance (Gellerstedt 2002; Ovaskainen et
al. 2004). Hence, the magnitude of operator-induced varia-
tion might decrease due to less operator influence, but it
might just as well remain the same or even increase due to an
eventual greater difference in mental capacities compared to
physical ones. Consequently, further studies on the effi-
ciency of the operator blocking methodology in mechanized
forestry work are needed.

Conclusion and Practical Applications

In statistical analyses the focus normally lies on popu-
lation means, with the general expectation of a certain level
of variation over individual observations. The question is
then whether or not a given treatment can be found to have
an effect at the population level. In fact, this is exactly how
the operator effect is handled in the methodology of operator
blocking. In Figure 4 the variation as well as the effect at the
population level can be discovered easily. The ANOVA
results also confirm statistically that the method successfully
handles the operator effect. Unfortunately, the individual
level justifications of operator blocking in forestry time stud-
ies (P1-2) have too often been associated with it, instead of
being replaced as statistical theory and analyses have devel-
oped. It is, therefore, time to leave the individual level as-
sumptions behind and to continue using operator blocking
for its more justifiable merits; on a population level. Since
operators are more dynamic than the environment and ma-
chines, blocking might not eliminate the operator influence
but would at least correct for it in an objective and statisti-
cally robust way without a priori corrections of the data. An
attractive alternative is to combine theoretical simulation
studies with operator blocked field studies (e.g. Lindroos et
al. 2008a), in which results from a totally controlled and op-
erator-free setting are balanced against the multitude of
variations in the field trials.

Given that the statistical methodology of operator
blocking has been and most likely will continue to be consid-
ered valuable when handling the inevitable operator effects,
this revision might seem to be merely cosmetic for those not
familiar with the mainly European argument on how to han-
dle operator effects. The proposed view on operator block-
ing is, however, important in terms of highlighting the
method’s strengths and limitations as it might help in solving
the old and sometimes heated argument between protagonists
of operator blocking studies and of performance rating
(Sundberg 1988). With a population level approach to op-
erator blocking it is easy to understand why the argument has
been so long-running. In their efforts to handle the complex-
ity of human performance, both schools have scientific limi-
tations, namely the illogical static view of operator perform-
ance in the individual leveled operator blocking principles
and the element of subjective correction in performance rat-
ing. Consequently, it is easy to criticize either approach in
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the belief that the other one is the lesser of two evils. Hope-
fully, this article will result in the continued use of the opera-
tor blocking methodology, but now with a better understand-
ing of the logic behind it and an awareness of its justifications
and weaknesses. With luck, this article might even be an eye-
opener for both sides in the long-running time study argu-
ment. Hopefully we can then work together towards further
methodological advances in the challenging field of forestry
work science.
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