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This paper presents results from an investigation of different 
ways of verbalizing control interventions in power plants with 
varying levels of centralized automatic control. The degrees of 
verbalizations and the verbal referents were analysed for 
different categories of control interventions. First some of the 
factors determining the degree to which control interventions are 
verbalized are examined. Secondly the relation between obJective 
and subJective referents of interventions are considered. At last 
some aspects of the historical changes of process operator 
activity, and the mental representations regulating their 
activity are considered. The knowledge derived from these 
investigations may be useful in designing man-machine 
interfaces. 
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Introduction 

Practical and theoretical background 

generally accepted, that in modern complex production 
with centralised control and comprehensive automatic 

systems the operators obJectively are removed still 
away from the process they are controlling. 

It is however more disputeable to what extent this also is true 
for the subJective relation of the operators to the obJects of 
their control. It is clai.ed by so.e that the operators to an 
increasing degree are forced to direct their control activities 
towards the interface of the system. Because of the high degree 
of automation the operators no longer participates directly in 
the daily routine control, and so their feeling for the process 
dynamiCS as well as the insight and competence regarding the 
control of the production process itself and the production plant 
slowly deteriorates (see e.g. Bainbridge 1982). 

In the tradition of the psychological theory of activity, and the 
cultural-historical psychology however, the machine systems 
functionally are seen as ··tools", that only mediates the 
interaction of the working subJect with the obJect. From such a 
point of view the tool functions as an extension of the body, and 
the focus of attention is consequently on the interface between 
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the machine system and the 
interface between the organism 
problem", LeontJev 1983}. 

obJect of 
and the 

work, and not on the 
tool (c.f. the "probe 

We now wish to examine this problem through an analysis of the 
ways in which machinists talk about their work activities in a 
"thinking aloud", or "concurrent verbalization" procedure. For 
this purpose we will investigate the verbal referents (i.e. 
references to their working obJects) in the machinists reports on 
the control interventions they make in routine work situations 
(change of load) on three conventional power plants. 

The analysis has its theoretical background in the psychological 
theory of activity (see e.g. Leontyev 1981a, Leont'ev 1981b, 
LeontJev 1983). In the actual analysis the e.phasis is put on the 
distinction between activity, action and operation (Leont'ev 
1981b p. 58ff; LeontJev 1983, p. 105ff.). One and the same 
behaviour can be viewed from these three aspects, and the 
coresponding descriptions can be seen as answers to the questions 
of respectively why the activity is taking place, what the 
activity is, i.e. what goal it is ai.ed at, and how it is carried 
out. These state~ents of the activity theory are in this respect 
very much the same aa those developed by Lind (see e.g. Lind 
1982), but these similarities will not be analysed further here. 

Formally the activity is defined by the motives and the 
underlying needs, the action by its goals, and the operations by 
the conditions under which the behaviour is realised. It can be 
useful to look at these three units in the activity as three 
dimensions for description of a given behaviour, like e.g. the 
following figure: 

Activity 

/ 

/ 
/ Action 

/ 

Operation 

Fig. 1: LeontJev's model of the macro-structure of human 
activity, where the units of the activity are seen as dimensions 
for description of behaviour. See the text for further 
explanation. 



The different aspects of behaviour are supposed to have different 
representations in consciousness. The action is directly defined 
by the conscious goal for the behaviour, and consequently is 
supposed always to be consciously represented. The motives behind 
the activity are however normally not consciously present, or 
they at least do not have to be. Likewise the operations that 
realises the actions will under normal conditions not be 
consciously represented either. These relations to consciousness 
are depicted in table 1. 

An investigation of the way in which interventions (in the 
system) are mentioned is therefore assumed to be illustrating the 
aspect of action in the machinists work during load changes, and 
to some degree the aspect of consciousness operations. We are not 
trying to say anything about the activity proper. 

Investigation methodology 

It has been discussed to what extent it is possible to rely on 
verbal reports as data for the investigation of problem solving 
and thinking in general (see e.g. Ericsson & Simon 1980: 
Pretorius & Duncan 1987). Through analysis of the degree of 
verbalization (i.e. the fraction of performed interventions that 
are verbalized singly, in groups or not at all) we want to 
examine to what extent it is possible to rely on verbal reports 
as data for investigations of working activities. Analysis of the 
contents of the verbalizations (the stated obJects of the 
performed interventions) might throw light on their value for 
investigations of cognitive processes, and whith regard to what 
aspects they must be supplemented with experimental 
investigations. 

Place of inveatigation and participating aubJecta 

The data material consists of 30 verbal reports and observation 
protocols from load changes on three conventional power plants. 
Some of the data presented in this paper was obtained in an 
earlier investigation reported in 1983 (Berentsen, Kvorning & 
Skov 1983). The three plants designated MKA, MKS I og MKS Ill-IV 
were built in 1960, 1968 and 1983, respectively. They can be 
differentiated from each other by the degree of centralization an 
automatization of control. 

The subJects were 14 machinists and skilled workers. On MKA a 
production team consisted of a shift supervisor, one machinist 
controlling the main switchboard, and one supervising the work of 
two enginemen, four boiler attendants and 2-4 unskilled 
assistants. These 11-14 men controlled a production of maximally 
ca. 150 MW electricity and up to 180 MJ/s district heating, that 
was produced by two turbogenerators supplied with steam from 4 
separate boilers. The control of the process was executed from a 
main switchboard controlroom, two boiler control rooms and also 
to a large part directly in the plant. Only the boilers were 
equiped with a limited number of separate automatic controllers. 



Unit of behaviour 

ACTIVITY 

ACTION 

OPERATION 
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aimed at 

I motives/needs 

I 
I 

action 
conditions 

form of mental I 
reflection 

realises 

Iconsciousl Ipersonality 1) I 
Inot conscious I I 
1 I 1 

Iconsciousness- I, I 
capable 

I conscious lactivities 11 

1 1 

I con~ciousness I I 
" obl~9atory" " 

not conscious Ilactions II 

only limited 

Iconsciousness I I 
capable 

I I 1 1 I ------------------1-------------- -------------- --------------
- consciousness- societal-

operation historical 

- adaptation
operation 

conditions 

I natural 

lecol09 ical 
conditions 

I 

Table 1: LeontJev's 
activity seen as a 
explanation. 

model of 
hierachy. 

consciousness 
capable 2) 

I 
consciousness-I I capable 3) I 

the 
See 

macro-structure 
the text for 

I 
I 

"I 

I 
of human 

further 

1) The personality is seen as a hierarchically ordered systea of activities 
(needs and aotives). 
2) Consciousness operations are interiorised actions ("skills"). They aay be 
consciousness capable as well as not consciousness capable, depending on their 
coaplexity, degree of interiorisation and fora of interiorisation. Often they 
can only becoae conscious if the action conditions are changed to such a 
degree, that the operations are no longer adequate. Coapletely interiorised 
operations aay require a systeaatic goal directed effort. 
3) The phylogenetically developed adaptation operations can noraally only 
becoae conscious through a goal directed effort, and it aay require a 
scientific analysis. 

80th the MKS I and MKS Ill-IV are block plants that have 
centralized control rooms, with one machinist controlling the 
whole block, assisted only by a rounding guard and an unskilled 
worker. The team also includes a shift supervisor for two blocks. 
Roughly two machinists are here in control of a production of 
160 MW electricity (MKS I), and 375 MW electriCity or 250 MW 
electricity and 455 MJ/s district heating <MKS Ill-IV). The two 



plants have different types of boilers. and more significantly 
they differ as to the degree of automatization. 

The intermediate block (MKS l) is equipped with hardwired 
automatic controllers. maintaining the plant parameters when the 
production load is stable. but only sequence controllers £or the 
turbine and generator. Coupling and decoupling o£ machinery is 
controlled manually from the central control room. and the 
automatic regulators are not capable o£ maintaining the plant 
parameters while the production load changes. 

In contrast. the newest blocks (MKS Ill-IV) are equipped with 
computerized integrated sequence controllers £or the whole block. 
and a large number of automatic controllers £or dif£erent 
£unction groups. Coupling and decoupling of e.g. coal mills only 
has to be ordered by the machinist. and then the automatic 
£unction group controllers are executing the coupling and 
decoupling procedures as well as maintaining the plant 
paraMeters. both when the production load is constant. and 
during changes. In addition. the control desks on the newest 
blocks are equipped with CRT consols fro~ whitch the blocks. in 
principle. can be controlled. 

Acqui.ition and analy.i. of data 

The data material wae acquired in a "thinking aloud". or 
"concurrent verbalization" procedure. with one or two observers 
noting the perfor~ed interventions. while one observer 
communicated with the machinist while controlling a load change. 
to .ake the thinking aloud as natural as possible. The verbal 
protocol and the observations were later integrated to 
observation protocols containing time markings. verbal report. 
observed orientations and interventions made by the machinist. An 
excerpt from an observation protocol is shown in fig. 2: 

The observation protocols were analysed regarding the degree to 
which interventions are reported by the machinists (singly. in 
group.. or lack of reporting) as well as the subJective and 
obJective referents (i.e. the obJect towards which the 
intervention is directed respectively in the verbal reports and 
the physical system). 



time Verbal report Orientations Interventions 

••• og den er pa 209 brutto, ~ Jeg giver MW bloklast = 209 MW brutto 
den li ge en 5 - 6 MW 1IfI"e. 

15:55 III bloklast ref reg nee! lEd 6 MW 
15:56 SAdan. 
16:07 Ja, nu gar Jeg hen og V1!lger OIII"adet for 
16:10 kulsysteMet - 4.1 - og ~ tager 

kulftderen ud af ligel.b. 
16:18 
16:23 Det er her. 
16:30 SA k.rer den lige ud. 
16:35 (INTEIVW:) Du frigiver undergruppe 15? 
16:38 Ja, det har Jeg gJort, og taget den ud. 
16:42 Og ~ V1!lger Jeg billedet oven over, 

og taster en fast IIngde ind pa den, 
SOlI den vi 1 k.re nee! lied, lied en gradient 

16:49 pa 0,5 kg. pr. lin. - 5,0 - ~ ktrer den 
nee! IIOd 5 kg. Og de to andre ftclere vi! 
ktre op for at kOMpensere. 

17:44 Har Jeg ~ stopper Hllen, ~ vil Jeg fa 
... tage et bi llede fl"lll pa sk.,..n, 
sa Jeg kan se kedeltrykket, ~ Jeg kan se, 
hvor stor trykafvigelsen den bliver pa 
kedelen. Fortli der ko.er nogle ret 
kraftige udsving her. Fordi, det er JO 
lige pludselig en tredJedel af kulllngden 
Jeg har fJernet, ~ der skal en stor 
kompensation til. 

18:17 Det kan Jeg i tvrigt lige ~ godt tage 
frelll nu 

18:25 - 7.3. 
18:30 
18:32 I 'Jeblikket der passer trykket JO ganske 

ntJe - btrvlrdi - aktuel vlrdi. 
18:37 ... 
19:00 Mar Jeg kan se, at kulHngden er nede 

pi 5 kg., ~ .. ~ ktrer Jeg Hllen ud. 
Ktrer udprogral pa - pa Hlle 30. 

19:17 Og ud over trykket, ~ viI Jeg ~ holde 
tJe lied flaaaesignalerne pa de to and .... 
For nlr de lige pludselig far ~ Itgtt 
mere kul, ~ kan der godt k~ nogle 
ustabile flaMMeforhold. 

19:34 (ENTERVU:) Fordi luften ikke ftlger lied 
hurtigt nok? 

19:37 Ja, der kOMmer lige pludselig en IiSse 
kul i .. tUen, og tellperaturen ... 
sigtetemperaturen den kan godt falde af. 
Og det giver ustabilitet, nlr der 
pludselig kOMl!r ~ eget IIII!I"e ind i 
brilnderen. Nu ser vi hvad der sker. 

19:54 Nu tager Jeg udprogra.et pa kulHlle 30. 

ear hI betJeningssklMl 
Billede 4.1: KulHlle 10-40 brilndstofbtrvilrdi V1!lg~ 

Felt 4.1.15: Et.30 ligel.b udkobling 

Felt 4.1.11: Et.30 Kul Igd lastindstilling Villges 

Felt 4.1.11: Et.30 Kul Igd ref reg nee! til 5 kg/s 

Billede 7.3: HT tryk-varw-korrektur-reg Villges 
Billede 7.3: HT tryk afvigelse = 0 bar 
Felt 7.3.5: HT tryk btrVilrdi 
Felt 7.3.1: HT tryk aktuel Vilrdi 

Gar til pult 

us KulHlle 30 styring udbefaling 

Fig. 2: Excerpt from an observation protocol. 



Method. for analy.ing verbal referent. 

The purpose of analyzing the content of the verbalizations was to 
uncover the kind of mental representations the machinists have of 
the obJect of their work, or the aim of their intentional 
actions. This question is related to the hypothesis of the 
existence of different levels of mental abstraction put forward 
by Lind and Rasmussen (1981). They differentiates between the 
following levels: 

Functional purpose 
Abstract function 
Generalised functions 
Physical functions 
Physical form 

In the present analYSis we use a similar, but not identical 
division, in which we distingui.h between the following 
subJective and obJective referents for the interventions: 

- processes of energy and material flows and transformations 
(production of MW, MVAR, and enthalpy, supply, burning and 
removal of coal and air, transport of water etc.) 

- machinery and machine syatems in the plant (coal mills, 
blowers, pumps, tanks, valve., etc.) 

- automatic sequence controlers and regulators (blockcontroller, 
group- and subgroup controllers etc.) 

- alarm system. 
- the system interface (control desk, CRT displays, keyboards, 

instruments, and control handles, etc.) 
- Activities performed by, related to, or co-ordinated with 

colleagues. 
- Varioua unrelated tasks interrupting the main observed control 

taak. 

In the analysia the following categories are used to denote the 
performed intervention: 
- Reconfiguration (coupling & decoupling of systems and 

subsystems), 
Balancing (regulation of parameters and the like), 
Acknowledgement (of alarms), 
Coordination (with colleagues), 
Various (interrupting activitiea that are irrelevant to the 

observed task). 

Many verbalizations contain more than one referent. This is most 
evidently the case for references to the interface, that is often 
conceived of as an interface to the proces, the machinery etc. 
The separate referents are illustrated in figure 3: 
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electricity. 
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F~i~g~.~3~:~ Di:f:ferent parts o:f the production systems 
re:ferred to as re:ferents o:f interventions in 
reports. 

The concept o:f "obJective" re:ference 

that may be 
the verbal 

When it comes to the question o:f what is the obJective re:ference 
:for an intervention in the system. we would argue that the answer 
is very much dependent on the perspective :from which the question 
is put :forward. In a restrictive physicalistic perspective the 
obJective re:ferent will almost always be the system inter:face 
because nearly all interventions are mediated through several 
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"layers" o£ devices and machinery (control knobs, signal 
transmission devices, automatic controllers, actuators and 
machinery). From a strict activity-theoretical point o£ view the 
obJect o£ control interventions will nearly always be the 
production process, because the whole production plant is 
constructed as an instrument £or the generation o£ a particular 
product, and is merely serving as a tool mediating the 
interaction between subJect and obJect. 

For these reasons" we have decided to de£ine the "obJective 
re£erence" as the part o£ the plant where the intervention has 
its primary e£fect. For the process to be the obJective re£erent, 
the intervention must there£ore be executed immediately on the 
obJect o£ work (like e.g. blowing on a £lame, or stirring in 
water). The machine system is considered the obJective re£erent 
when £or instance a blower is started by turning on its motor 
when pressing a knob. I£ on the contrary the blower is started by 
activating an automatic sequence controller, the obJect o£ the 
intervention is considered to be this automatic device. 

Finally the obJect o£ intervention is the alarm system when an 
alarm is acknowledged, and the inter£ace when a display is 
selected on the CRT, a di££erent measuring point is selected £or 
presentation on an instrument, or the machinist is moving several 
meters to look at a certain instrument, that he could not see 
otherwise. This may seem to be a rather arti£icial 
"intervention", but moving around in the plant to get into 
contact with di££erent parts o£ the machinery, is £unctionally 
equivalent to e.g. selecting a display on the CRT. 

The "subJective" re£erence 

The subJective re£erent o£ an intervention is £ound by analysing 
the linguistic expression o£ the intention behind the observed 
intervention (the verbal report). The way this analysis is 
per£ormed, may be illustrated with a simple example (£ig. 4), 
showing how the same ("obJective"") intervention may be conceived 
in very di££erent terms by the acting subJect. 

It should be noted, that it is only the execution operations that 
are analysed in this report, whereas the large number o£ 
orienting operations that constitutes integrated parts o£ the 
interventions considered as proper actions are not taken into 
consideration. 



Scored re:ference 

Proces: 

Machinery: 
Automatic: 

Inter:face: 

Inter:face/proces: 

Inter:face/machine: 

Verbalization (hypothetical example) 

"Now I will reduce the supply o:f energy" 
"Now I am going to reduce the supply o:f coal" 
"Now I reduce the load on the coal :feeder" 
"Now I lower the 
regulator" 
"Now I 
display" 
"Now I 
display. 
energy" 
"Now I 
display 
:feeder" 

type 

type 
in 

type 
to 

in a 

in a 
order 

in a 
reduce 

setpoint :for the :fuel 

lower number on this 

lower number on this 
to reduce the supply of 

lower number on this 
the load on the coal 

Inter:face/automat.: "Now I type in a lower number on this 
display. to lower the setpoint :for the :fuel 
regulator" 

Colleague: "Now I will ask my colleague to ..... 

Fig. 4; Examples o:f di:f:ferent ways the same process intervention 
may be verbalized. 

R •• ult.. 

Degree o:f verbalization in general 

Generally there is a high degree o:f verbalization of 
interventions. Approximately 75~ o:f the recorded interventions 
were reported verbally. Historically there is no remarkable 
change in the overall degree o:f verbalization. whereas a shift 
towards reporting every intervention separately can be noted. 
This may reflect the "chunking" o:f interventions in the automatic 
control system that is taking place when automatic sequence 
controllers are introduced. 

MKA MKS I MKS III 
Degree o:f verbal 
reporting abs. ~ abs. ~ abs. ~ 

singly 287 (28) 258 (26) 308 (54) 
in groups 537 (52) 481 (48) 116 (20) 
lacking 214 (21) 259 (26) 147 (26) 

Total no.o:f intv. 1038 (101) 998 (100) 571 (100) 

Table 2: Degree o:f verbalization o:f process interventions on 
three di:f:ferent power plants regardless o:f the kind o:f 
intervention. 



The factors determining the degree of verbalization might be: 
- The importance of the intervention for the course of events. It 

might be hypothesized, that the more important the 
interventions the more likely they are to be reported. 

The number of similar interventions taking place in immediate 
succession. It seems natural to think that the probability 
of verbalization of an intervention should be negatively 
correlated with the number of preceding similar 
interventions. 

- The frequency of intervention. The degree of verbalization 
might be negatively correlated with the frequency of 
interventions. 

- Elapsed time since the start of 
Reporting one's activities may 
the course of time fatigue 
verbalization. 

the task and verbalization. 
be a demanding task, so in 

might lower the degree of 

- The personality. Different people might be thought to have 
different propensities towards thinking aloud. 

In the following we will examine the influence of (some) of these 
factors on the degree of verbalization. 

The degree of verbal reporting v.s. 
relative importance of the interventions 

Comparing different (obJective) types of interventions, it turns 
out that reconfigurations have the highest degrees of 
verbalization, followed by balancing and operations on the 
interface. 

The figures show, that there is no simple relation between the 
(obJective) type of interventions and the degree of verbal 
reporting (singly, in groups, none). The more important the 
intervention is to the course of events, the higher the 
probability that the intervention will be reported verbally. 
irrespective of the way it is reported. 

Different interventions are of varying importance for the course 
of the load change, and are therefore situated at higher or lower 
levels of the hierarchical action structure (see e.g. B~rentsen, 
Kvorning & Skov 1983, p. 159, 166). 

When we differentiate between the interventions according to this 
criterium, we get a picture like that in tables 3 - 5, where the 
more important interventions are listed at the top, and the least 
important at the bottom (with the exception of the category "co
ordination with colleagues", which is put at the bottom for other 
reasons). 



Intervention 
category 

Block load reference 
and block load gradient 

Reconfiguration of machine 
and automatic controlsyst. 

Balancing of aachine- and 
automatic control systea 

Alara- and interface 
operations 

Co-ordination 
with colleagues 

J 
I 

3~3 

Degree 

Singly/I 
abs. " 

1 

n.a. 

78 (28) 

128 (45) 

20 (7) 

39 (38) 

of reporting 

Group 11 None 
abs." abs." 

I 
n.a. n.a. 

170 (61) 27 (10) 

103 (36) I 54 (19) 

199 (65) 86 (28) 

52 (51) 1 11 (11) 

I 

Total 

n.a. 

275 (99) 

I 

(100)1 /285 

305 (100) 

1102 
: 

(100) I 
I 1 

Various I 11 (21) I 6 (12) I 35 (67) I 52 (100)1 

Table 3: Degree of verbalization of 
process interventions with varying 
plant MKA. 

different categories of 
importance on the power 

The figures clearly show that interventions altering the task 
allocation between the machinists and the automatic controllers 
(reconfiguration of machine system and automatic control system> 
have a very high degree of verbalization (MKA: 90~; MKS I: 86~; 
MKS Ill-IV: 97%. This also applies to balancing of machine 
systems and automatic controllers (81~; 82-; 97_>, as well as co
ordination with colleagues (89%; 87_; 100_>. On the other hand it 
is clear that operations on the interface and alarm 
acknowledgements have the lowest degree of verbalizations (72~; 
56%; 51->. The highest degree of verbalization is seen in 
connection with interventions on the block load reference, and 
the block load gradient (n.a.; 94-; 95%>. 



Intervention category 

Block load reference 
and block load gradient 

Reconfiguratior. of .achine 
and auto.atic controlsyst. 

Balancing of lIachine- and 
auto.atic control syste. 

Alar.- og interface-
operations. 

Co-ordiantion 
with colleagues 

Various 

I 

I 

Degree of reporting 

Singly 
abs. " 

36 (71) 

73 (34) 

85 (18) 

67 (27) 

7 (88) 

o (0) 

I 

Group 
abs. " 

12 (24) 

112 (52) 

309 (64) 

48 (19) 

o (0) 

o (0) 

None 
abs. " 

3 (6) 

30 (14) 

88 (18) 

1135 (54) 

! 
I 

1 (13) I 
I 

2 (100)1 

Total 

I 
51 <101> I 

I 
215 (100) 

482 <101> 

250 (100) 

8 (101)1 

I 
2 (100) 1 

I 

T~ble 4: Degree of verb~liz~tion of 
process interventions with v~rying 
pl~nt MKS I. 

different c~tegories of 
import~nce on the power 



Intervention Category 

Block load reference 
and block load gradient 

305 

Degree , 
Singly 11 

abs. " 
I , 

19 (95) I 

of reporting 

Group III None 
abs." abs." 

I , 
o (0) I 1 (5) 

Reconfiguration of Machine \ I 14 (37) I and automatic controlsyst.! 23 (61) 1 (3) 

Balancing of Machine- and I 
automatic control system. I 96 (63) 52 (34) 6 (3) 

Alarm- og interface- I 
operations \175 (48) 50 (14) 141 (39) 

I 
Co-ordination 

(100) I with colleagues 2 0 (0) 0 (0) 

1 

Various , 
3 (100) I 0 (0) 0 (0) 

Total 

I 
20 (100) I 
38 <101>1 

153 (100) 

366 <101> 

2 (100) I , 
3 (100) I 

Table S: Degree o£ verbalization o£ 
process interventions with varying 
plant MKS Ill-IV. 

di££erent categories o£ 
importance on the power 

The e££ect o£ repeating interventions, 
£reguency o£ interventions, and elapsed time 

The e££ects o£ these £actors will only be mentioned shortly. and 
not documented £urther here (see Kvorning 1989 £or £urther 
in£ormation). 

When a number o£ similar interventions take place in succession 
they tend to be reported in groups. The e££ect o£ the 
introduction o£ automatic sequence controllers is notable in 
this context (see earlier). I£ the succession is interrupted. 
the later interventions will probably not be reported at all. 

There is no simple relation between the £requency o£ 
interventions and the probabilit~ o£ verbal reporting in general. 
When the £requency o£ interventions increase there is however a 
tendency to report interventions in groups rather than singly. 
This has only been analysed £or the material £rom MKS I. where it 
can be shown. that a compound index £or the degree o£ 
verbalization is negatively correlated with the £requency o£ 
interventions. although only approximately 30~ o£ the variation 
in the degree o£ verbalization can be explained by the £requency 
o£ interventions. 



306 

If a load change is taking a long time, there is a tendency 
towards a diminishing degree of verbalization in the course of 
the session. 

Comparison of the degrees of reporting for different persons 

We will now examine the effects of personal differences on the 
degree of verbalization of the observed interventions. The tables 
6 - 9 compares the verbalizations of three different persons from 
each of the three power plants. The figures clearly show that 
personal differences among the observed machinists regarding the 
way of reporting can be noticed. 

Degree of Person Total 
reporting 

I II III 
abs. " abs. " abs. " abs. " 

Singly 

1
125 

(49) 

1 

39 (47) 

1 

42 (28) 
1206 (43) 

I 1 
Group 

1
104 

(41) 

1 

30 (36) 

I 
83 (56) 1217 (46) 

1 
None I 25 

(10) 

I 
14 (16) 

I 
22 (15) 

1 61 
(12) 

1 
1 

Total 
1254 (100) 1 83 (100) 1147 (99) 1474 (101)1 

Table 6: Comparison of the degree of verbal reporting between 
three boiler attendants on the power plant MKA. 

Comparison between all the boiler attendants from MKA show that 
Chi 2 = 19.53; which equivalates a significance level of p < 
0.001. Comparison between the boiler attendants I and II shows 
no significant difference. Comparison between boiler attendants I 
and lIon one side, and boiler attendant III on the other side 
show Chi2 = 16.24, which equivalates a significance level of p < 
0.001. 
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Degree o£ Person I 
Total 

1 reporting I 1 
I 11 1 III 1 
abs. % abs. " 1 abs. % ! abs. % 

1 1 
Singly 52 (46) 69 (45) 

1137 (19) 
1258 (26) 

Group 36 (32) 56 (36) 389 (53) 481 (48) 

None 1 24 (21) 28 (18) 207 (28) 
1259 (26) 

I I 
Total ! 112 (99) 1153 (99) 1733 (100) 1998 (101) 1 

I I , 

Table 7: Comparison o£ the degree o£ verbal reporting between 
three machinists on the power plant MKS I. 

Comparison between all the machinists show that Chi2 = 47,29; 
which equivalates a signi£icance level o£ p < 0.0001. Comparison 
between the machinists I and 11 shows no signi£icant di££erence. 
Comparison between machinist I and lIon one side, and machinist 
III on the other side show Chi2 = 73.94, which equivalates a 
signi£icance level o£ p < 0.0001. 

Ways o£ 
reporting 

Singly 

Group 

None 

Total 

Person I Total 

~I------~I-I-I----~--II-I----~I 

abs. % 1 abs. % abs. % 1 abs. % 

1 

68 (45) 1168 (61) 72 (50) 1308 (54) 

31 (21) 51 (18) 34 (53) 1116 (20) 

52 (34) 58 (20) 37 (28) 147 (26) 
J 
I i 

151 (100) 277 (100) 143 (100) 571 (100) I 

Table 8: Comparison o£ the degree o£ verbal reporting between 
three machinists on the power plant MKS Ill-IV. 

Comparison between all the machinists show that Chi 2 = 13.33; 
which equivalates a signigicance level o£ p < 0.05. Comparison 
between the machinists I and III shows no signi£icant di££erence. 
Comparison between machinist I and III on one side, and machinist 
11 on the other side show Chi2 = 10.25; which equivalates a 
signi£icance level o£ p < 0.01. 
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It is obvious that remarkable personal di££erences can be 
observed. These di££erences account £or a notable part o£ the 
variability in the degrees o£ verbalizations observed in the 
total material. 

Earlier it was shown, that generally there is a high degree o£ 
verbalization (appr. 75%), indicating a high validity o£ verbal 
reports as data on control interventions. It should be noted 
however, that the verbal report contains a "condensed" version o£ 
the actual events, which is seen £rom the £act that between 20 
and 52% o£ the verbalizations were in groups. 

The validity o£ the verbal reports seem to be highest £or the 
most signi£icant interventions. It also seems that there is a 
historical trend toward higher degrees o£ single verbalizations 
as the plants get more automatised. Lastly the results indicates 
that some persons are better "verbalizers" than others. The 
highest degree o£ verbalization in the present material was as 
high as 90". 

The relationship between obJective and subJective re£erents 

We will now examine the relationship between the obJective and 
the subJective re£erents £or the interventions. To this end we 
have calculated the sum o£ the numbers o£ di££erent types o£ 
interventions as well as the di££erent ways o£ verbalizing these. 

In the £ollowing tables (9 - 11) £igures on the diagonal show 
the number o£ interventions with identical obJective and 
subJective re£erences. Numbers below the diagonal show the 
instances where the verbalizations go "deeper" into the system 
than the obJective referent, indicating that the £ocus o£ 
consciousness is "displaced" into the .. inner parts" of the 
system. On the other hand £igures on the upper side of the 
diagonal indicate a displacement towards the inter£ace. 

The figures seem to indicate that the obJective re£erents to a 
large degree determine the subJective re£erents, and that there 
is a strong tendency towards conceiving the interventions as 
interventions in the process. This indicates that the machinists 
actually see and act "through" the inter£ace, and that they use 
the machine system as a tool £or manipulating the process. 

The verbalizations that go deeper than the obJective re£erents 
are on the MKA most notable in connection with machine balancing, 
alarm acknowledgement and manipulations on the inter£ace (which 
on this plant is almost synonymous with walking around the 
plant). On the MKS I the "deep" verbalizations are again most 
clearly seen in connection with machine balancing and alarm 
acknowledgement, whereas it is only in relation to the automatic 
controllers that this e££ect is seen on the MKS Ill. Here in 
contrast to MKA and MKS I it is not seen in connection with 
acknowledgement o£ alarms or manipulations on the inter£ace. On 
all three plants a small number of "sur£ace" verbalizations are 
seen in connection with machines, and on MKS I and MKS III also 



in connection with 
acknowledgement. 

automatic controllers 

ObJective 
reference 

I I Pri_ary subJective reference 
I 
I 
IProcess ftachi- Auto- Alar. Inter-
I nes '.atic face 

I 
Process 

ftachine I 

balanc. I 
ftachine I 

rekonfig. 

Autoaatic I 
control Sys., 

Alarll syst. I 

Interface I 
I 

Colleagues 

Various 

Total 

1 
(20) 

114 
(43) 

23 
( 9) 

11 
(26) 

2 
(11) 

27 
( 9) 

2 
( 5) 

180 
(17) 

90 
(33) 

202 
(80) 

7 
(16) 

4 
(24) 

165 
(57) 

2 
2) 

8 
(12) 

478 
(46) 

3 
1) 

23 
(55) 

26 
( 3) 

1 
6) 

1 
0) 

2 
0) 

4 
2) 

2 
1) 

16 
( 6) 

1 
2) 

23 
( 2) 

Collea
gues 

2 
(1) 

89 
(87) 

12 
(18) 

103 
(10) 

and alarm 

None &. ITotal 
Various I 

4 5 
(80) 

54 
(20) 

26 
(10) 

1 
2) 

10 
(59) 

77 
(27) 

11 
(11 ) 

43 
(65) 

226 
(22) 

(100) 

265 
(99) 

253 
(100) 

42 
99) 

17 
(100) 

288 
(100) 

102 . 
(100) 

66 
(102) 

1038 
(100) 

Table 9: Relationship between obJective reference and primary 
subJective reference for process interventions on the power 
plant MKA. Figures in paranthesis is the number of 
interventions in ~ of the total number of interventions in 
the particular category of obJective reference. 

Consequently the present material only give slight indications 
that with higher degrees of automation the focus of control is 
displaced towards the interface. 



ObJective 
reference 

31 'J 

Pri.ary subJective reference 

I 
,Process Machi- Auto- Alar. Inter- Collea- None & ITotal , 
, nes aatic face gues Various! ! 

-------+,--------------------------------+�--~I 

Process 

Machine 
balanc. 

Machine 
rekonfig. 

Auto.atic 
control sys. 

Alar. syst. 

Interface 

Colleagues 

Various 

Total 

, , ! 

I I I 
I 182 167 13 85 I 447 I 
,(41) (37) 3) (19) ,(100) I 

5 
4) 

39 
(24) 

19 
(24) 

13 
( 8) 

258 
(26) 

114 
(83) 

18 
(11) 

8 
(10) 

2 
1) 

309 
(31) 

2 
1) 

84 
(52) 

3 
2) 

102 
(10) 

14 
(18) 

14 
(1) 

3 
2) 

3 
4) 

43 
(27) 

49 
( 5) 

7 
(88) 

7 
1) 

I 
17 138 I 

(12) (100) 

19 163 
(11) (100) 

35 79 
(44) (100) 

100 161 
(62) (100) 

1 
(13) 

2 
(100) 

259 
(26) 

8 
(101) 

2 
(100) 

998 
(lOO) 

I 
I 
I 
I 
I 

I 

Table 10: Relationship between obJective reference and primary 
subJective reference for process interventions on the power 
plant MKS I. Figures in paranthesis is the number of 
interventions in ~ of the total number of interventions in 
the particular category of obJective reference. 

A factor that deserves mentioning_ is the fact that all the 
participating machinists from the newest plant were highly 
skilled_ and had extensive experience with manual control of 
power plants. There are informal indications from other sources_ 
that the focus of control is in fact displaced to the interface_ 
when the machinists do not have any previous experience with 
manual control. 
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ObJective 
reference 

Pri.ary subJective reference 

I Process 

! 
I 

Process 

I 
I 

18 Machine I 
balanc. (40) 

I 
Machine I 

rekonfig·1 

Auto.atic 
control sys. 

Alor. ayat. I 
Interface I 

I 
Colleagues I 

I 
Various I 

I 
I 
I 

Total I 
I 

41 
(27) 

3 
3) 

17 
( 6) 

79 
(14) 

Machi
nes 

27 
(60) 

4 
(80) 

52 
(35) 

8 
8) 

11 
( 4) 

1 
(33) 

103 
(18) 

Auto
.atic 

45 
(30) 

1 
1> 

1 
0) 

47 
( 8) 

Alar. 

67 
(66) 

8 
3) 

75 
(13) 

Inter
face 

1 
(20) 

6 
4) 

4 
4) 

104 
(39) 

1 
(33) 

116 
(20) 

Collea
gues 

1 
(33) 

3 
1) 

None & ITotal 
Various I 

6 
4) 

19 
(18) 

123 
(47) 

2 
(100) 

148 
(26) 

I 

I 
I I 45 

(100) 

I 5 
I (100) 

150 
(100) 

102 
<101> 

264 
(100) 

2 
(100) 

3 
99) 

571 
(100) 

Table 11: Relationship between obJective reference and primary 
subJective reference for process interventions on the power 
plant MKS Ill-IV. Figures in paranthesis is the number of 
interventions in ~ of the total number of interventions in 
the particular category of obJective reference. 

Changes in subJective referents as a result of 
the historical developement of technology 

The last analysis concerns the question of the historical 
changes in the focus of conscious control in particular. When 
comparing the primary subJective referents for the interventions 
between the three power plants, it turns out that historically 
there is a shift in verbal referents from the plant (process and 
machine systems) towards the automatic control system and the 
interface. 
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Power 
plant 

Primary subJective reference 

IProces Machi-
I nes 
abs. " abs. " 

MKA 180(17) 478(46) 

MKS I 1258 (26) 309(31) 

! MKS Ill-IV I 79(14) 103(18) 

Auto
Matic 
abs. " 

26 (3) 

102 (10) 

47 (8) 

Alarm 

abs. " 

2 (0) 

14 (1) 

Inter
face 
abs. " 

23 (2) 

49 (5) 

75(13) 116(20) 

Collea- None So Total 
gue Various 
abs. " abs. " labs. " I 
103(10) 226(22) 1038(100) 

7 (1) 259(26) 998(100) 

3 (1) 148(26)1 571(100)1 

Table 12: Comparison of The kinds of verbal reports obtained on 
the three different power plants. 

The figures show that there is an unstable tendency in the 
changing relative number of referents to the process, a clear 
tendency of diminishing representation of the machines and 
colleagues, whereas the automatic control system is higher 
represented with time. The most significant finding however, is 
the fact that the alarm system and the interface are represented 
to a much higher degree on the newest plant. 

From qualitative analysis of the contents of the verbalizations, 
as well as from informal conversations with the machinists we 
know that this shift is not felt as an improvement. Instead the 
machinists experience that the alarms and the interface are 
"forcing theJlselves onto" them with irrelevant information and 
silly tasks, causing sOlla annoyance. 

Concluaion 

On the basis of the presented material it may be concluded, that 
verbal reports seem to have high validity as data on control 
behaviour. The verbal reports however, do not contain a one to 
one account of the activity, but rather a "condensed" version 
leaving out unsignificant details. 

A number of factors influencing the degree of verbal reporting 
have been examined, and the significance of the interventions and 
personal differences were considered in some detail. 

Examination of the subJective referents for the process 
interventions show that the focus of consciousness to a large 
extent is determined by the obJective referent, although there is 
a clear tendency towards "deep" verbalizations, i.e. referring to 
system parts on levels deeper inside the system than the 
obJective referent. 
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In a historical perspective it may be concluded, that in fact 
there seems to exist a tendency towards the interface becoming an 
obJect of control, or at least to become visible, although the 
machinists strive to keep in contact with the production process 
proper. 

Even though the presented material documents that the machine 
systems are actually mediating the control of the production 
process, it is also shown that the machine systems themselves to 
some degree are an obJect of control. 

The rather high degree of verbalization even of manipulations on 
the interface and of alarm acknowledgements indicate that most 
of the interventions are at least capable of becoming consciously 
represented. This in our opinion raises the question whether the 
current interface technology not only mediates the interaction 
with the controlled processes, but also makes the control 
indirect, meaning that unnatural mental effort is required to 
transform fragmented information and sort out irrelevant details 
in order to obtain a meaningfull mental picture of the controlled 
obJect. Not only the mental picture of the obJect, but also the 
mental picture of the control actions is in this way being 
fragmented and distorted by the necessity to choose displays, 
using arbitrary alphanumeric codes, and to acknowledge "alarms" 
containing no information value, while trying to master the 
process. 

Seen in this pespective we would hypothesize, that many of the 
interventions that are today forced into consciousness will 
disappear from consciousness with the introduction of "direct 
manipulation" interfaces. 

This, combined with the knowledge <based on data not presented 
here), that many verblisations contains referents to more than 
one level of the system, raises some questions regarding the 
proper way to design system interfaces. We would venture the 
hypothesis, that some kind of semi-transparent representation of 
several system levels together. combined with the possibility 
easily to change the level in focus, would enhance the 
functionality in relation to controlling the production processes 
and the production plant. 
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