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Abstract. In this study, we construct a method for evaluating thinking and 
judgment as intellectual productivity of system engineers, with a particular fo-
cus on a supporting system that the engineers engaged in software development. 
This method can be applied in two ways. The first application is an approach to 
evaluate the skill of system engineers. This method can not only evaluate the 
engineer’s aptitude by scoring intellectual productivities but can also analyse 
tendencies related to the skill of system engineers by using proportions of each 
control processes and time-series graphs. The second application is an approach 
to improve the tools and manuals of the development environment. By compar-
ing time-series graphs of the thinking process with operating logs, we can iden-
tify the specific point where system engineers have fallen into scrambled  
control processes so that we can specifically identify the problem in the corre-
sponding instructions and manuals, which should result in improvements in  
development environment tools. 

Keywords: Intellectual productivity, system engineers, application develop-
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1 Introduction 

Currently, from control systems for massive plants to the applications of portable 
information terminals, the occurrence of systems that operate using software is in-
creasing explosively. Accuracy and speed are necessary in many software develop-
ment cases. As a consequence, the burden on developers who are engaged in software 
development is also progressively increasing. 

Research on the thinking and judgment of system operators, such as plant operators 
or stock traders, has largely not been focused on the thinking and judgment of system 
engineers. The characteristics of system engineers’ behind-the-scenes work that does 
not directly involve users may contribute to the lack of research focused on these 
system engineers. 

In case of software for business, system engineers generally code using develop-
ment environment tools according to the characteristics of the hardware and operating 
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systems by referring to the instructions from end users who use the software. There-
fore, not only the quality of instructions but also the usability of the development 
environment tools and its manuals significantly influence the performance of system 
engineers. 

Consequently, in this study, we construct a method for evaluating the thinking and 
judgment as intellectual productivity of system engineers, with emphasis on support-
ing system that the engineers engaged in software development. 

2 Experiment 

First, we conducted an experiment to obtain operating logs to estimate the intellectual 
productivity of system engineers by defining as data the operating logs recorded when 
system engineers write code using development environment tools. 

2.1 Task 

We imposed the task of coding on the subjects in order to construct functions, as re-
quired by the instructions, using development environment tools for software devel-
opment, which were installed on small business terminals. The subjects performed the 
task on notebook PCs (Dell XPS L502X) while referring to printed instructions. 
While coding, the subjects were allowed to refer to the manuals for the development 
environment tool on a tablet PC (Apple iPad). 

First, in order to adjust to the development environment tools, the subject per-
formed a task for learning. The task for learning was a task in which the subject coded 
the details of the software from the state in which the framework of the software (such 
as the screen structure) was already completed in the development environment tool. 
The subjects performed this task while referring to the manuals until the task was 
completed. The subjects then performed practice tasks. They coded frameworks and 
details from scratch on the development environment tool while referring to the  
instructions on a tablet PC. 

2.2 Measurement 

While the subjects were performing the tasks, we recorded their operating logs. We 
used software (ADGRec_120F) to capture the subjects’ screens in order to record 
their operations in a time series. In addition, we recorded the subjects’ hand move-
ments and facial directions using an overhead video camera. We analysed the anima-
tion captured by the screen-capturing software and output the results as operating-log 
data. We output the operating logs by 65 fp (per 0.5 sec) because we recorded the 
videos at 130 fp. An example of an operating log is shown in Table 1. 
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Table 1. Sample operating logs 

 

2.3 Participants 

The subjects were five students who had elemental knowledge of coding but had no 
experience in using the development environment tool used in this experiment. 

2.4 Ethics 

We obtained informed consent of the individuals who agreed to participate in this 
experiment. 

3 Analysis 

3.1 Division into Elements and Classification of Operating Logs 

We extracted the operations of the subjects from the operating logs. As a result, 45 
types of operations were identified, and we found that coding was proceeded by a 
combination of these operations. We therefore classified the operations into eight 
groups, from A to H, according to the purpose of the operation. 

Group A (Stopped State). In group-A operations, the subject did not move the 
pointer of the mouse and did not refer to instructions or manuals. 

Group B (Moving of the Pointer of the Mouse). In group-B operations, the subject 
moved the pointer of the mouse. 

Group C (Referring to Manuals or Instructions). In group-C operations, the sub-
ject referred to manuals or instructions. 

Group D (Adding or Deleting Something). In group-D operations, the subject’s 
purpose of operation was adding or deleting new screens, variables or files. 
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Group E (Choosing Menus). In group-E operations, the subject’s purpose of opera-
tion was choosing various menus on the screen. 

Group F (Editing Text). In group-F operations, the subject’s purpose of operation 
was to edit the text of a name of an added screen, variable or file. 

Group G (Moving Something on Screen). In group-G operations, the subject’s pur-
pose of operation was to move objects on the screen. 

Group H (Configuring Properties of Software). In group-H operations, the sub-
ject’s purpose of operation was to modify configurations involved with the behaviour 
of the software when the software was practically activated. 

Table 2 shows an example of an operating log from Table 1 to which the eight 
types of classifications were applied. 

Table 2. Eight types classification of a sample operating logs  

 

3.2 Extraction of the Characteristic Sequences of Operations 

Next, to read the subjects’ process of thinking during the task, we focused on the pat-
terns of sequences of the groups of operations. Hollnagel (E. Hollnagel, 1994) [1] has 
proposed a contextual control model (COCOM) that can divide workers’ working 
situations into four phases depending on the degree of understanding. The four phases 
of situations that occurred during working were defined as follows: 

1. Scrambled control mode. In the scrambled control mode, the choice of the next ac-
tion is basically irrational or random, which is typically the case when situation as-
sessment is deficient or paralysed and, accordingly, little or no correlation between 
the situation and the action is observed. The scrambled control mode includes the 
extreme situation of zero control. 

2. Opportunistic control mode. In the opportunistic control mode, the salient features 
of the current context determine the next action. Planning or anticipation is limited, 
perhaps because the context is not clearly understood or because the available time 
is limited.  
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3. Tactical control mode. The tactical control mode corresponds to situations where 
performance more or less follows a known procedure or rule. Planning is of limited 
scope or range, and the needs taken into account may sometimes be ad hoc. 

4. Strategic control mode.  In the strategic control mode, the joint system has a 
wider time horizon and can look ahead to higher-level goals. The dominant fea-
tures of this situation or the interface therefore have less influence on the choice of 
action.  

According to the previous definitions, we divided the subjects’ process of thinking 
into four phases: 

1. Scrambled control process. In this control process, subjects are alternately referring 
to instructions and manuals, which means that the subjects do not understand what 
to do and that operations have no progress. The sequences of operations like this 
situation were categorized as scrambled control processes.  

2. Opportunistic control process. In this control process, operations semantically un-
related to each other are being repeated, which means the subjects are operating in 
a haphazard manner. The sequences of operations like this situation were catego-
rized as opportunistic control processes. 

3. Tactical control process. In this control process, although operations semantically 
related to each other are being performed, operations are interrupted as the subjects 
refer to instructions or manuals, which means that, when the subjects’ perspectives 
of what operations to perform are not clear, they are performing operations that 
they could understand one-by-one. The sequences of operations like this situation 
were categorized as tactical control processes. 

4. Strategic control process. In this control process, subjects are correctly performing 
operations semantically related to each other without referring to instructions or 
manuals during operations, which means that the subjects’ perspectives of what 
operations to perform are clear and the operations are being conducted. The  
sequences of operations like this situation were categorized as strategic control 
processes. 

The specific patterns of the sequences of operations extracted for each of the four 
phases were as follows: 

1. Sequences of operation groups that correspond to scrambled control processes 

C→A. In this pattern, subjects fall into a stopped state despite having acquired infor-
mation by referring to instructions or manuals. 

A→B→A. In this pattern, subjects lose their focus and fall into a stopped state again, 
even though the subjects move the pointer of the mouse to perform some task after the 
stopped state. 

C→B→A. In this pattern, subjects lose their purpose and fall into a stopped state; 
however, after acquiring information by referring to instructions or manuals, the sub-
jects move the pointer of the mouse according to the acquired information. 

B→A→B→A. In this pattern, subjects repeatedly move the pointer of the mouse and 
fall into a stopped state. The situation where operations of group D~H emerge  
after the movement of the pointer of the mouse has changed to a stopped state is not 
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considered a scrambled control process because the subjects are judged to be thinking 
of the next operation during the transition from the movement of the mouse to the 
stopped state. 

2.  Sequences of operation groups that correspond to opportunistic control processes 

B→E→B→E. In this pattern, subjects repeatedly move the pointer of the mouse and 
choose menus. This pattern is regarded as a situation where subjects are attempting to 
find clues to solutions by clicking somewhere without understanding what operations 
should be performed next. 

B→A→E. In this pattern, subjects fall into a stopped state after moving the pointer of 
the mouse and choosing menus. In this pattern, subjects move the pointer of the 
mouse to perform a task but lose their purpose along the way and choose menus that 
appear to be related to the operation, or alternatively, the subjects move the pointer of 
the mouse to choose menus but lose their confidence along the way with respect to 
whether the choice is correct, and after having given the matter some thought, they 
finally choose a menu based on their estimation that the operation is correct. 

3. Sequences of operation groups that correspond to tactical control processes 

B→E, C→B→E, B→C→E. In these patterns, subjects choose menus after having 
moved the pointer of the mouse. This pattern is different from the pattern of 
B→A→E in opportunistic control processes in that a series of operations from mov-
ing the pointer of the mouse to choosing menus emerges only once, and then opera-
tions of group D~H are performed. The case where subjects refer to instructions or 
manuals before performing or while performing operations of group D~H is also  
included in these sequences. 

B→G. In this pattern, subjects move objects after having moved the pointer of the 
mouse. In many cases, the text related to the objects is edited, which means the pur-
pose of the operation has not yet been accomplished using this pattern. 

B→D, B→D→B→D, C→B→D, B→C→D, C→A→B→D. In these patterns, the 
subjects change operations without editing variables or newly added files after having 
moved the pointer of the mouse, or the subjects repeatedly move the pointer of the 
mouse and add the necessary amount of variables. The case where the subjects refer 
to instructions or manuals before or while performing these operations is also  
included in these sequences. 

4.  Sequences of operation groups that correspond to strategic control processes 

B→F, C→F, C→B→F, B→C→F. In these patterns, subjects edit the name of vari-
ables or files after having moved the pointer of the mouse, and they do so without 
falling into a stopped state. The case where subjects refer to instructions or manuals in 
order to obtain information before editing is also included in these sequences. 

B→G→B→F, B→D→B→F. In these patterns, subjects successively add and edit 
objects or subjects edit objects after moving them. These patterns are characteristic 
sequences of operations that commonly emerged in subjects’ operating logs. 
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B→H, C→H, C→B→H, B→C→H. In these patterns, subjects configure properties 
of software after moving the pointer of the mouse. The case where the subjects refer 
to instructions or manuals in order to obtain information before editing is also in-
cluded in these sequences. 

By searching for patterns of sequences of operation groups that correspond to the 
four previously described phases in the subjects’ operating logs, we visualized 
changes in the subjects’ thinking processes during the task. Table 3 provides an ex-
ample of an operating log; strategic control processes are marked as green, tactical 
control processes as blue, opportunistic control processes as yellow and scrambled 
control processes as red. 

Table 3. Example of a classified operating log 

 

4 Results and Discussion 

4.1 Evaluation of Intellectual Productivity in a Time Series 

First, we paid attention to how thinking processes changed between the four phases 
while subjects were performing the task. Figures 1 and 2 represent changes in the 
thinking processes of subject A, who completed the task in the shortest time, and 
subject B, who required the longest amount of time to complete the task. The task  
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Fig. 1. Changes in subject A’s thinking process  
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included three subtasks, and red lines on the graph indicate the initiation and the ter-
mination of the subtasks. 

According to the changes in subject A’s thinking process, changes between strate-
gic and tactical control processes were frequently observed, and scrambled control 
processes were only observed when subject A started to perform the task and was 
configuring properties. 

The operations in the first subtask mainly involved adding new screens and editing 
the names of objects. However, in addition to these operations, subject A was confi-
guring the settings related to the screen’s transitions that are normally an operation 
included in the second subtask, which means this subject had clear perspectives about 
the whole task. Although subject A exhibited scrambled control processes at the be-
ginning of the task, the subject generally performed this subtask while changing 
thinking processes between strategic and tactical control processes. 

The operations involved in the second subtask were mainly the addition of new ob-
jects onto the screen and the editing of text. In this subtask, subject A fell into scram-
bled control processes several times but immediately returned to strategic or tactical 
control processes. 

In the third subtask, the subjects had to configure properties in detail, such as a set-
ting for error control after adding variables or files. However, this subject A did not 
fall into a scrambled control process during this subtask and performed strategic  
control processes most of the time throughout this subtask. 
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Fig. 2. Changes in subject B’s thinking process 

According to Fig. 2, which shows the changes in subject B’s thinking process, this 
subject was more susceptible to falling into a scrambled control process than was 
subject A. During the first subtask, most of the subject’s time was occupied by strate-
gic and tactical control processes, although scrambled control processes were ob-
served several times. During the second subtask, the subject discretely performed 
settings semantically unrelated to each other while configuring the settings for the 
screen’s transitions. In this subtask, subject B frequently fell into a scrambled or op-
portunistic control process. During the third subtask, subject B again frequently fell 
into a scrambled or opportunistic control process, which means this subject did not 
have clear perspectives about configuring the properties. Ultimately, this subject did 
not complete the task. 
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When we compared the thinking processes between two typical subjects, we found 
that the thinking process of the subject with high task performance was mostly occu-
pied by strategic or tactical control processes and that the subject tended to immedi-
ately recover from opportunistic or scrambled control processes to strategic control 
processes. In contrast, the thinking process of the subject with low task performance 
was found to frequently change between four phases of thinking processes; in addi-
tion, after this subject’s thought process fell into a scrambled control process, the time 
required to return to a strategic control process was relatively long. 

4.2 Qualitative Evaluation of Intellectual Productivity 

We calculated the total time and proportion of the four phases (i.e. strategic, tactical, 
opportunistic and scrambled control processes) in order to qualitatively show the sub-
jects’ thinking processes during the task. Figures 3 and 4 show the results for subject 
A, whom we discussed in the preceding section. 
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Fig. 4. Proportion of each control process for 
subject A 

The length of each control process in total time followed the order strategic control 
process > tactical control process > opportunistic control process > scrambled control 
process, and approximately 90 percent of the total time was spent in a strategic or 
tactical control process. On the basis of these results, subject A was performing the 
task with a clear perspective of the operations and rarely fell into a scrambled control 
process. Figures 5 and 6 show the results for subject B, whom we discussed in the 
preceding section. 

The time spent in a scrambled control process was the longest and occupied ap-
proximately 40 percent of the total time. On the basis of these results, subject B faced 
numerous situations where he performed a task without understanding the operations 
necessary for completing the task. 

We succeeded in quantitatively comparing the intellectual productivities of two 
subjects by calculating the proportion of their thinking processes during a task.  
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Further, we attempted to score the intellectual productivities in order to directly 
evaluate both subjects’ intellectual productivities. We assigned 4 points to strategic 
control processes, 3 points to tactical control processes, 2 points to opportunistic con-
trol processes and 1 point to scrambled control processes. We then calculated the 
intellectual productivity values on the basis of the formula: 
 
4 × (the proportion of strategic control processes) + 3 × (the proportion of tactical 
control processes) + 2 × (the proportion of opportunistic control processes) + 1 × (the 
proportion of scrambled control processes). 
 

When we applied this numerical formula to subjects A and B, the intellectual-
productivity values for subjects A and B were determined to be 86.6 and 62.1, respec-
tively. Thus, we succeeded in developing a method for evaluating an individual and 
tasks according to purpose by expressing the intellectual productivities using time-
series graphs and the proportion of thinking processes using total points. s 

5 Conclusions 

In this study, we suggested a method for evaluating the thinking and judgment of 
system engineers who are engaged in software development; that is, a method for 
measuring their intellectual productivities. This method can express intellectual pro-
ductivities based on operating logs by indexing different tasks. This method is there-
fore a simple method that can be applied to practical work. 

This method can be applied in two ways. The first application is an approach to 
evaluate the skill of system engineers. This method can not only evaluate the aptitude 
by scoring engineers’ intellectual productivities but can also analyse the tendencies of 
the skill of system engineers using the proportions of each control processes and time-
series graphs. The results could be applied to effectively educate and train systems 
engineers. The second application is an approach to improve the tools and manuals of  
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the development environment, i.e. the instructions. By comparing the time-series 
graphs of thinking processes with operating logs, we can find the point where system 
engineers fall into scrambled control processes so that we can precisely identify the 
correlation between the engineer’s lack of productivity and the specific point in the 
instructions and manuals, which could lead to improvements in such documentation.  
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