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  Abstract 

Past studies have shown the potential of refresher interventions to mitigate skill 

decay in process control. More recent studies also indicate the predictive quality of 

retentivity as a person-related variable. The two presented studies investigated the 

impact of retentivity on non-routine tasks in the context of simulated ordinary work 

experience. Study 1 (N=18) compared four retentivity measures (Selective 

Reminding Test, WIT-2, I-S-T-2000R and Map Learning) as indicators of skill 

acquisition in a simulated process control task, and showed significant, moderate 

correlations between the target skill (production outcome) and Map Learning 

directly after training. Study 2 (N=39) investigated the retentivity constructs in the 

context of simulated work experience and skill retention, and consisted of four 

measurement times: 1.) initial training of the target skill (week 1), 2.) and 3.)work 

experience (target skill was not required; week 2 & following week 3) and 4.) the 

retention assessment of the target skill (week 4). The control group took part in 

initial training and retention assessment only. Results showed significant, moderate 

correlations between Map Learning and production outcome and between WIT-2 

and production outcome in retention assessment (after the retention interval). 

Retentivity constructs and practical implications will be discussed based on these 

findings. 

  Introduction 

The operator’s tasks in highly automated plants such as in process control include 

monitoring the plant and its process, keeping records and adjusting the system 

(Kluge, 2014). In the case of emergency, however, if the plant is no longer 

controlled by the automated system, the operator has to make decisions and control 

the plant him/herself. In industries with a high level of automation, after long 

periods of non-use or in non-routine situations (defined above all by the rarity with 

which a particular skill is performed; Kluge, 2014), there is a particularly strong risk 

of decay of once learned skills and knowledge, meaning that the operator might not 

know what to do in an emergency (e.g. Bainbridge, 1983; Kaber, Omal, & Endsley, 

1999; Parasuraman, Sheridan, & Wickens, 2000; Wickens & McCarley, 2008). Skill 

decay can be explained by the “Power Law of Forgetting” (Bourne & Healy, 2012) 

and the “New Theory of Disuse” (Bjork & Bjork, 1992; Bjork & Bjork, 2006), 
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which postulate that after a long period of non-use, it will be difficult to retrieve 

once learned material. The “New Theory of Disuse” states that after a period of non-

use or in non-routine situations, the access to memories (retrieval strength) decreases 

even if the storage strength is high. With this in mind, studies recommend 

overlearning (Driskell, Willis, & Copper, 1992) or refresher interventions for tasks 

with long periods of non-use and for non-routine situations (Kluge, Burkolter, & 

Frank, 2012; Kluge & Frank, 2014).  

Work experience and work performance 

In an ordinary work situation, when there is no opportunity to refresh a skill, 

operators’ work performance is influenced by their work experience (duration of 

employment) (Kolb, 1984; Quiñones, 2004; Tesluk & Jacobs, 1998). Work 

experience can be defined as the “qualitative (level of specification) and quantitative 

components (e.g. duration) (...) which interact and accrue over time” (Tesluk & 

Jacobs, 1998, p. 321). A further factor which affects work performance, irrespective 

of refresher interventions or work experience, is cognitive ability (Bosco & Allen, 

2011; Tesluk & Jacobs, 1998). 

  Retentivity and skill retention in process control 

Retentivity as a facet of intelligence is described as the ability to memorise 

information in the short- and medium term and to recognise and reproduce this 

information (Jäger, Süß, & Beauducel, 1997; Kersting, Althoff, & Jäger, 2008; 

Thurstone, 1938). Jäger (1984) defines retentivity as operative ability, which is 

categorised into three content abilities: Verbal thinking, numerical thinking and 

figural thinking. The successful memory recall and positive transfer effect of learned 

skills and knowledge (Baldwin & Ford, 1988; Baldwin, Ford, & Blume, 2009) 

depends on cognitive abilities such as retentivity (Butler, 2010; Chase & Ericsson, 

1982). These appear to be generally important in controlling complex systems 

(Kluge, Sauer, Schüler, & Burkolter, 2009; Wittmann & Hattrup, 2004). Moreover, 

other person-related variables, such as self-regulation, emotional stability, and 

gregariousness, are also described as predictors of effective performance in process 

control (Xiang, Xuhong, & Bingquan, 2008). In the context of skill retention with 

refresher interventions, Maafi (2013) found high correlations between retentivity 

and performance in a simulated process control task after a longer period of non-use. 

The objective of study 1 was to investigate the impact of the cognitive ability 

variable retentivity on training performance (skill acquisition), while study 2 

investigates the impact of retentivity (Maafi, 2013) on skill retention in an ordinary 

process control work task (Kluge, Frank, & Miebach, 2014).  

As outlined above, retentivity can be divided into verbal, numerical and figural 

thinking (Jäger, 1984). Verbal thinking is important, for instance, for language 

skills, numerical thinking for mathematical skills, and figural thinking for spatial 

skills. Accordingly, four retentivity measures were investigated to analyse which 

content ability of retentivity (Jäger, 1984) is important for skill acquisition and 

retention in a simulated process control task. On the basis of the available literature, 

the following hypotheses were developed: 
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In summary, it is assumed that retentivity affects skill acquisition (study 1). A group 

that is exposed to ordinary work experience will show less skill decay than a group 

without ordinary work experience (study 2). Moreover, we assume that retentivity 

affects skill retention (study 2), and that work experience and retentivity have an 

impact on skill retention (study 2). 

  Study 1 – Retentivity and training performance 

In December 2013, the following retentivity measures were compared and evaluated 

with regard to their predictive validity in the context of skill acquisition in a process 

control task: The Selective Reminding Test (SRT), the Intelligence Structure Test 

2000R (I-S-T 2000R), the Wilde Intelligence Test-2 (WIT-2) and Map Learning. 

The selected tests cover verbal, numerical and figural retentivity for investigating 

the role of retentivity in a simulated process control task. 

  Method 

  Participants 

18 participants from the Engineering Department of the University of Duisburg-

Essen took part in study 1. Participants were recruited by internet advertisements 

and flyers at the University of Duisburg-Essen (the recruitment procedure was 

similar for the subsequent study). All of them received course credits for their 

participation. They were informed about the purposes of the study and were told that 

they could discontinue participation at any time (in terms of informed consent).  

  The simulated process control task: WaTrSim 

The process control task consisted of operating a Waste Water Treatment Simulation 

(WaTrSim; Figure 7) by applying a fixed sequence of eleven steps (Kluge & Frank, 

2014). The start-up of a plant is assumed to be a non-routine task which requires 

skill retention (Kluge et al., 2014). In WaTrSim, the operator’s task is to separate 

waste water into fresh water and solvent by starting up, controlling and monitoring 

the plant. The goal is to maximize the amount of purified water and to minimize the 

amount of waste water. This is achieved by controlling four main processes in 

WaTrSim, considering the timing of actions and following fixed sequences (Kluge 

et al., 2012; Kluge et al., 2014). The start-up procedure was used to measure skill 

retention or skill decay.  

 

Figure 7. Interface of WaTrSim 
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Table 4. Sequence of start-up procedure: V1-V4 are abbreviations of valves 1-4, tanks in 

WaTrSim are called Ba, Bb, Bc, Bd, Be, R1 and HB1, and heating is labelled as H1 and K1 

(Kluge et al., 2014) 

Step # Temporal Transfer 

(in initial training, trained start-up procedure) 

Step 1 Deactivate follow-up control  
Operate controller V2 

Set the target value from external to internal  

Step 2 Valve V1: Flow rate 500 l/hr 
Operate controller V1 

Set target value 500l/h 

Step 3 Wait until content of R1 > 200 l/hr 

Step 4 Valve V2: Flow rate 500 l/hr 
Operate controller V2 

Set target value 500l/h 

Step 5 Wait until content R1 > 400 l/hr 

Step 6 Valve V3: Flow rate 1000 l/hr 
Operate controller V3 

Set target value 1000 l/hr  

Step 7 Wait until content of HB1 > 100 l/hr 

Step 8 Switch on heating H1 
Operate controller HB1 

set from manual to automatic operation 

Step 9 Wait until HB1 > 60°C 

Step 10 Put column C1 into operation 
Operate controller C1 

set from manual to automatic operation 

Step 11 Valve V4: Flow rate 1000 l/hr 
 Operate controller V4 

Set target value 1000 l/hr  

   

  Procedure 

All participants took part in initial training (IT; Figure 8 and Table 5). The IT lasted 

for 120 minutes and was performed in single sessions. Participants were welcomed 

and introduced to WaTrSim. After completing tests assessing person-related 

variables and retentivity, participants explored the simulation twice. They were then 

given information and instructions about the start-up procedure and practised 

performing the target 11-step start-up procedure four times. During these first four 

trials, participants were allowed to use a manual which contains the eleven steps for 

the start-up procedure. Following this, they had to perform the start-up procedure 

(Table 4) four times without the manual and were told that they were expected to 

produce a minimum of 1000 litres/hr of purified water. 

 

Figure 8. Initial Training (IT) 

TestTraining

Pre-

Training 

Phase

Testing

30 min                    60 min 30 min
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Table 5. Overview of experiment and variables of study 1 

Initial Training; 120 min 

 Pretraining Phase Testing:  

- Sociodemographic data 

- Retentivity tests 

- Previous knowledge 

 Initial Training: 

- 2x Exploration 

- 4x Start-up with manual 

 Test: 

- 4x Start-up without manual  

(performance in final of four trials was measured) 

 

  Measures 

Predictor: Retentivity was measured using the following tests. 

Selective Reminding Test (Ruff, Light, & Quayhagen, 1989): The SRT is a 

verbal retentivity test and consists of twelve words which had to be learned by 

the participants individually. After two minutes, participants had to 

spontaneously recall the words (without being previously aware that they 

would be asked to do so). If any words were missing, they had to recall these 

words again until they correctly recalled all twelve words on three consecutive 

trials or until twelve trials had been completed. After one hour, participants had 

to remember the words in one trial (number of words (0-12) were counted). 

Intelligence Structure Test 2000R (I-S-T; Liepmann, Beauducel, Brocke, & 

Amthauer, 2007): The subtest “retentivity” of the I-S-T 2000R measures verbal 

and figural retentivity. After one minute of memorising words, the memorised 

words had to be matched to presented hypernyms such as “The word with an 

initial letter B was: a) sport, b) food, c) city, d) job or e) building” (score 0-10). 

After another minute of memorising, one figure of the pair was presented and 

the related figure had to be selected: “Please find the right answer” (score 0-13, 

overall score 0-23). Retentivity measured with the I-S-T 2000 R is assumed to 

be “low” when participants score from 0-15, “medium” for scores from 16-17, 

and “high” for scores from 18-23. 

Wilde Intelligence Test-2 (Kersting et al., 2008): The subtest of the WIT-2 

measures verbal, numerical and figural retentivity. Participants had to 

memorise 13 descriptions, graphics or symbols within four minutes. After a 17-

minute disruption phase, they had to choose the correct solution from six 

alternatives in a reproduction test. The total score varied from 0-21. Retentivity 

measured by the WIT-2 is assumed to be low for scores from 0-12, medium for 

13-14 and high for 15-21. 

Map Learning (Galea & Kimura, 1993): Based on Galea and Kimura (1993), a 

Map Learning test measuring verbal and figural retentivity with one route, 22 

objects and 20 streets on the map was imitated. The instructor showed the 
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participants a route, which they had to learn in under a minute. Then they had 

to correctly recall the route twice in succession. Mistakes were directly 

corrected by the instructor. After learning the route, participants were given 

two minutes to learn the whole map with no special instructions. They were 

then required to recall objects on the route, objects which were not on the 

route, and street names. The number of trials required to recall the route 

(mininum 2), the objects on the route (0-8), the objects not on the route (0-14) 

and the street names (0-20) were counted. A total score of recalled objects 

(objects on the route/not on the route and street names) was calculated (0-28).  

Criterion: Performance in the start-up procedure was measured according to 

production outcome (purified waste water). The fourth and final trial of this series 

was used as the reference level of performance (production outcome) after training. 

  Results 

The descriptive statistics are provided in  Table 6.  

  

  Table 6. Descriptive statistics of predictors and criteria; M (SD), Range 
Variable M (SD), Range 

Sex 13 female, 5 male 

Age 20.89 (2.11), 18-25 

SRT (Ruff et al., 1989) 11.67 (0.59), 10-12 
I-S-T 2000R (Liepmann et al., 2007) 19.33 (3.34), 9-23 

WIT-2 (Kersting et al., 2008) 15.94 (1.89), 11-18 

Map Learning (Galea & Kimura, 1993) 

 Trials for route recall 3.28 (0.96), 2-5 

 Objects on the route 4.39 (1.46), 2-7 

 Street names 6.94 (2.58), 3-10 

 Total recalled objects 19.50 (3.24), 13-25 

Production Outcome IT 1030.57 (127.86),  

731.80-1194.59 

 
Retentivity affects skill acquisition 

Table 7. Spearman correlation of retentivity measures as predictors and performance 

measures as criteria; **p<.01, *p<.05 

 1 2 3 4 5 6 7 

SRT (1) -       

I-S-T 2000R (2) .649** -      

WIT-2 (3) .014 .192 -     

Map Learning        

 Trials for route recall (4) -.090 -.056 -.180 -    

 Recall of objects on the route (5) .368 .603** .408 -.119 -   

 Street names (6) .464 .208 -.099 -.160 -.024 -  

 Total recalled objects (7) .591** .293 .153 -.051 .324 .632** - 

Production Outcome (8) .009 -.129 -.141 -.124 .043 .391 .503* 
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A Spearman correlation showed significant, medium sized correlations between total 

recalled objects in Map Learning and production outcome (rs=.503, p=.033), see 

Table 7. A significant medium-sized significant Spearman correlation was found 

between production outcome and I-S-T 2000R (rs=.506, p=.032) when the I-S-T 

2000R score was divided into low, medium and high score. No significant 

correlations between production outcome and the other retentivity tests were found.  

  Discussion 

Study 1 reflects direct training success and shows that retentivity measured with 

Map Learning and the I-S-T 2000R correlates significantly with the skill acquisition 

of a process control task directly after the training. In order to interpret these results, 

it should be added that study 1 included one measurement time (IT) only and that 

these two measures (I-S-T 2000R and Map Learning) address the direct recall of 

what was learned several minutes previously. The SRT shows no correlations with 

performance, which might be attributable to the verbal nature of the test, as it does 

not completely fit with the figural aspects of a process control task. With respect to 

the present results and the findings of Maafi (2013), which indicated that the I-S-T 

2000R and WIT-2 are valid retentivity predictors in a process control task, in study 

2, the I-S-T 2000R, Map Learning and WIT-2 (recall after 17 minutes) were used to 

investigate skill retention.  

  Study 2 – Retentivity and Skill Retention  

Study 2 was conducted from March to June 2014, and investigated the impact of 

ordinary work experience and retentivity on skill retention in WaTrSim with four 

measurement times. The simulated process control task and the fixed sequence of 

starting up the plant was the same as described in study 1 (Table 1). 

  Method 

  Participants 

38 participants took part in study 2: 18 participants in the work experience-

experimental group (EG) and 20 participants in the control group (CG). The 

participants were recruited and instructed as described in study 1 section.  

  Procedure 

Participants of the EG took part in initial training (IT, see above), two sessions of 

“ordinary work experience” (WE), and a retention assessment (RA; Figure 9), while 

the control group received no WE. At all measurement times the participants were 

tested in pairs. The IT took place as described in study 1, but was extended by a 

knowledge test addressing declarative and procedural knowledge at the end of the 

IT. The WE consisted of controlling WaTrSim twice for 30 minutes between the IT 

and the RA. The WE took place one week and two weeks after the IT (Kluge et al., 

2014). After three weeks, the RA was conducted, lasting for approximately 20 

minutes. After the participants had been welcomed, they were asked to start up the 

plant two consecutive times. The knowledge test which was applied at the end of the 

IT was also applied at the end of the RA (Table 8).  
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Figure 9. Procedure of study 2; the experimental group received ordinary work experience 

(abbr. “Work Exp.”) and the control group received no work experience 

Table 8. Overview of experiment parts and variables of study 2 

Session Week 1 

Initial Training (IT);  

120 min 

Session Weeks 2 & 3 

EG only 

each 30 min 

Session Week 4 

Retention Assessment 

(RA); 30 min 

 Pretraining Test:  

- Sociodemographic 

data 

- Retentivity 

- Previous knowledge 

 Initial Training: 

- 2x Explore 

- 4x Start-up with 

manual 

 Test 1: 

- 4x Start-up without 

manual (performance 

in final of four trials 

was measured) 

- Knowledge test 

 Work Experience Task  

- Ordinary Work Task by 

controlling WaTrSim  

 Test 2: 

- Start-up 

(performance in first 

of two trials was 

measured) 

- Knowledge test 

 

 

  Measures 

Independent variable: In study 2, the EG participants took part in two simulated 

work experience (WE) sessions. The WE simulates a work day which does not 

including practising special skills relevant for the start-up procedure and does not 

contain an expected target production. The aim of WE is to continuously separate 

waste water into purified water and solvent. The WE consisted of the “morning 

scenario” and the “afternoon scenario”, which have to be controlled for 30 minutes 

each between the IT and RA. Both scenarios took 480 seconds each. The 

participants were introduced to the work experience scenario with the following 

description “your shift starts in the morning and you take over the already running 

plant. The operations are manageable, but in the morning more waste water is 

delivered than in the afternoon. The tanker delivers 1200 litres of waste water and 

the valves have a flow rate of 900litres/hours”. The goal of the participants was to  

maintain a consistent production level. They had the possibility to use the manual, 

which included a recommended scenario procedure (Table 9). The production 

outcome was measured in litres. 

Experimental 
Group Test 1Training

Pre-

Training 

Phase

Testing

30 min                    60 min 10 min

Test 2

30 min30 min

Work 
Exp.

30 min

Work 
Exp.

Control 
Group Test 1Training

Pre-

Training 

Phase

Testing

Test 2

Retention 

Assessment
Initial Training

1 Week 1 Week 1 Week

3 Weeks
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As a further independent variable, retentivity was measured using the I-S-T 2000R, 

WIT-2 and Map Learning (described above).  

Table 9. Example strategy for work experience scenarios “morning” and “afternoon” 

Step #  Work experience scenario 

“morning” 

Work experience scenario “afternoon” 

Step 1  Deactivate follow-up control  
Operate controller V2 

Set the target value from external to 

internal 

Deactivate follow-up control  
Operate controller V2 

Set the target value from external to internal 

Step 2  Valve V2: Flow rate 600 l/hr 
Operate controller V2 

Set target value 600l/h 

Valve V2: Flow rate 500 l/hr 
Operate controller V2 

Set target value 500l/h 

Step 3  Wait until content of HB1 > 100 l Wait until content of HB1 > 100 l 

Step 4  Switch on heating H1 
Operate controller HB1 

Set from manual to automatic 

operation 

Switch on heating H1 
Operate controller HB1 

Set from manual to automatic operation 

Step 5  Valve V3: Flow rate 720 l/hr 
Operate controller V3 

Set target value 720l/h 

Valve V3: Flow rate 720 l/hr 
Operate controller V3 

Set target value 720l/h 

Step 6  Wait until HB1 > 60°C Wait until HB1 > 60°C 

Step 7  Put column C1 into operation 
Operate controller C1 

Set from manual to automatic 

operation 

Put column C1 into operation 
Operate controller C1 

Set from manual to automatic operation 

Step 8  Valve V4: Flow rate 1080 l/hr 
 Operate controller V4 

Set target value 1080l/h  

Valve V4: Flow rate 900 l/hr 
Operate controller V4 

Set target value 900l/h  

Step 9  Valve V1: Flow rate 600 l/hr 
Operate controller V1 

Set target value 600l/h 

Simulation step: 150 

Valve V1: Flow rate 500 l/hr 
Operate controller V1 

Set target value 500l/h 

Step 10  Valve V3: Flow rate 1200 l/hr 
Operate controller V3 

Set target value 1200l/h 

Valve V3: Flow rate 1080 l/hr 
Operate controller V3 

Set target value 1080l/h 

Step 11  Simulation step: 180 

Valve V3: Flow rate 800 l/hr 
Operate controller V3 

Set target value 800l/h 

Simulation step: 240 

Valve V4: Flow rate 720 l/hr 
Operate controller V4 

Set target value 720l/h 

Step 12  Simulation step: 320 

Valve V3: Flow rate 1080 l/hr 
Operate controller V3 

Set target value 1080l/h 

Simulation step: 300 

Valve V3: Flow rate 900 l/hr 
Operate controller V3 

Set target value 900l/h 

Step 13   Simulation step: 400 

Valve V3: Flow rate 1080 l/hr 
Operate controller V3 

Set target value 1080l/h 
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Dependent variables: The performance in the IT and RA was measured with the 

following variables (the fourth and final trial of the IT was used as the reference 

level of performance after training, and the first trial in the RA was used to assess 

skill retention/decay). The outcomes of the IT and RA were used for the repeated 

measures ANOVA and difference scores (delta) of IT and RA were used to calculate 

correlations and regressions:   

 Production outcome, which equals the amount of purified waste water at 

IT, RA and Δ of IT and RA (measured in litres) 

 Start-up time at IT, RA and Δ of IT and RA (time to finish the start-up 

procedure; max. 180 sec) 

 Total number of start-up mistakes at IT, RA and Δ of IT and RA 

(summarised procedure and valve adjustment mistakes; 0-11)  

 Procedure start-up mistakes at IT, RA and Δ of IT and RA (mistakes in 

steps of procedure e.g. if step 2 was taken before step 1 was executed; 0-7)  

 Valve adjustment start-up mistakes at IT, RA and Δ of IT and RA (the 

valve flow rate was not regulated as described in the manual e.g. at 600 

litres instead of 500 litres; 0-4)  

 Knowledge test, which addressed declarative and procedural knowledge 

about WaTrSim. The test included cloze tasks, questions and diagrams 

about WaTrSim and background knowledge about waste water treatment 

(23 questions) e.g. “What are the goals in the start-up procedure in 

WaTrSim?”, “Which gadget is shown in the diagram?” or “Is it correct that 

tank R1 has to be filled with at least 100 litres so that the heating HB1 can 

be turned on?” (0-47) 

    
  Results 

Table 7 shows the descriptive statistics and the group differences for each dependent 

variable. No significant differences between the groups were found (p>.05). After 

the experiment, the groups differed significantly in production outcome, start-up 

time and serious start-up mistakes in the RA (Table 7). 
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Table 10. Descriptive statistics of independent variables, dependent variables and control 

variables 
Variable Work Experience 

EG 

M (SD), Range 

CG 

M (SD), Range 

Chi² differences in prod. 

outcome  

ANOVA - group differences 
for each dependent variable 

Control and Moderator Variables   

Sex 9 female, 9 male 10 female, 10 male X²(35)=35.33, p=.452 

Age 25.06 (1.39),  
22-28 

24.65 (2.13),  
21-28 

F(1,36)=0.47, p=.498, η2
p=.013 

I-S-T 2000R  

(Liepmann et al., 2007) 

19.67 (2.30),  

15-23 

18.20 (2.82), 

12-22 

F(1,36)=3.04, p=.090, η2
p=.078 

WIT-2  

(Kersting et al., 2008) 

12.83 (2.31), 

 9-17 

12.60 (3.08),  

6-18 

F(1,36)=0.07, p=.795, η2
p=.002 

Map Learning (Galea & Kimura, 1993)   

 Trials for route 

recall 

3.33 (1.14),  

2-5 

3.80 (0.89), 2-5 F(1,36)=2.00, p=.166, η2
p=.053 

 Objects on the route 5.22 (1.17), 3-7 4.40 (1.85), 1-8 F(1,36)=2.62, p=.114, η2
p=.068 

 Street names 7.44 (3.85), 3-17 5.20 (3.02), 0-12 F(1,36)=4.04, p=.052, η2
p=.101 

Dependent Variables of IT   

Production outcome  
 

1065.73 (194.29) 
788.39-1531.69 

1145.21 (103.24), 
989.38-1309.61 

F(1,36)=2.55, p=.119, η2
p=.066 

Start-up time 71.56 (18.54),  

34-96 

68.90 (10.47),  

49-84 

F(1,36)=0.30, p=.585, η2
p=.008 

Total start-up mistakes  1.50 (1.58), 0-4 1.15 (0.99), 0-3 F(1,36)=0.68, p=.414, η2
p=.019 

Procedure mistakes 1.11 (1.37), 0-4 0.75 (0.85), 0-2 F(1,36)=0.98, p=.330, η2
p=.026 

Valve adjustment 
mistakes 

0.56 (0.86), 0-2 0.4 (0.88), 0-3 F(1,36)=0.30, p=.585, η2
p=.008 

Knowledge test  36.83 (3.70),  

31-43 

35.55 (5.00), 

 26-45 

F(1,37)=0.80, p=.378, η2
p=.022 

Dependent Variables of RA    

Production outcome 994.39 (337.13),  

189.00-1363.61 

604.75 (389.59),  

0.00-1066.58 
F(1,36)=10.75, p=.002, 

η2
p=.230 

Start-up time  70.44 (18.98), 47-
103 

87.15 (35.17), 0-
160 

F(1,36)=3.21, p=.081, η2
p=.082 

Total start-up mistakes 3.78 (1.60), 1-7 4.10 (2.49), 0-11 F(1,36)=0.23, p=.635, η2
p=.006 

Procedure mistakes 2.72 (1.02), 1-5 3 (1.59), 0-7 F(1,36)=0.40, p=.531, η2
p=.011 

Valve adjustment 

mistakes 

1.06 (1.11), 0-4 1.1 (1.48), 0-4 F(1,36)=0.01, p=.918, η2
p=.000 

Knowledge test  34.72 (4.52),  
26-42 

32.65 (5.35),  
24-41 

F(1,37)=1.64, p=.208, η2
p=.044 

Delta of IT and RA    

Production outcome 71.34 (290.98) 540.47 (382.26) F(1,36)=17.80, p<.001, 

η2
p=.331 

Start-up time  -1.44 (17.72) -18.5 (33.47) F(1,36)=3.73, p=.061, η2
p=.094 

Total start-up mistakes -2.28 (2.24) -2.95 (2.58) F(1,36)=0.73, p=.400, η2
p=.020 

Procedure mistakes -1.61 (1.58) -2.25 (1.68) F(1,36)=1.45, p=.236, η2
p=.039 

Valve adjustment 

mistakes 

-0.5 (1.58) -0.7 (1.63) F(1,36)=0.15, p=.704, η2
p=.004 

Knowledge test  2.11 (2.99) 2.9 (4.41) F(1,36)=0.41, p=.528, η2
p=011 

    

 

Testing the hypothesis: A group that is exposed to ordinary work experience shows 

less skill decay than a group without ordinary work experience 

In the following, repeated measures ANOVAs (for measurement time 1 and 2) with 

the between factor EG and CG were calculated with the dependent variables 



84 Frank & Kluge 

production outcome, start-up time, total start-up mistakes, procedure start-up 

mistakes, valve adjustment start-up mistakes, serious start-up mistakes and 

knowledge test at two measurement points (results of IT are used as measurement 

time 1 and results of RA are used as measurement time 2). The repeated measures 

ANOVAs were conducted to show the skill retention or -decay between the 

measurement times (IT and RA) of the dependent variables. 

Production outcome: A significant effect of time (F(1,36)=30.28, p<.001, 

η
2
p=.457), a significant effect of group (F(1,36)=4.62, p=.038, η

2
p=.114) and a 

significant interaction of time and group were found (F(1,36)=17.80, p<.001, 

η
2
p =.331; Figure 10).  

Start-up time: A marginally significant effect of time (F(1,36)=3.59, p=.066, 

η
2
p=.091), no significant effect of group (F(1,36)=1.43, p=.240, η

2
p=.038) and a 

significant interaction of time and group were shown (F(1,36)=4.58, p=.039, 

η
2
p=.113; Figure 10). 

Total start-up mistakes: A significant effect of time (F(1,36)=43.85, p<.001, 

η
2
p=.549) but no effect of group or interaction were found (p>.05). 

Procedure start-up mistakes: A significant effect of time (F(1,36)=52.95, 

p<.001, η
2

p=.595) but no effect of group or interaction were found (p>.05). 

Valve adjustment start-up mistakes: A significant effect of time (F(1,36)=4.42, 

p=.043, η
2

p=.109) but no effect of group or interaction were found (p>.05). 

Knowledge test: A significant effect of time (F(1,36)=16.24, p<.001, η
2
p=.313) 

but no significant effect of group nor interaction were shown (p>.05). 

In summary, the EG produced significantly more purified waste water and needed 

less start-up time than the CG. This means that the EG showed significantly less 

skill decay than the CG, which received no ordinary work experience, and that 

ordinary work experience has an impact on the performance in a process control 

task.    

 

Figure 10. Production outcome (significant effect of time and interaction) and start-up time 

(marginally significant effect of time and significant interaction) at IT and RA of EG and CG 
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Table 11. Pearson correlation between predictor retentivity measures and delta (Δ) of criteria of IT and 
RA (difference of IT and RA); **p<.01, *p<.05 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

I-S-T 2000R (1) -                

WIT-2 (2) .434** -               
Map Learning                 

  Trials for route recall (3) -.332* -.248 -              

  Recall objects on the route (4) .281 .185 -.154 -             

  Street names (5) .213 .262 -.321* .337* -            

RA production outcome  (6) .174 .392* -.166 .374* .289 -           

RA start-up time (7) .131 -.152 .218 -.240 -.088 -.431** -          

RA total start-up mistakes (8) -.189 -.202 .283 .054 .105 -.367* -.089 -         
RA procedure start-up mistakes (9) -.133 -.227 .155 -.026 .092 -.386* -.182 .784** -        

RA valve adjustment start-up mistakes 

(10) 
-.161 -.085 .287 .112 .071 -.181 .046 .770** .208 -       

RA  knowledge test (11) .222 .477** -.512** .165 .213 .383* -.238 -.251 -.212 -.177 -      

Δ production outcome  (12) -.215 -.347* .201 -.327* -.207 -.928** .367* .471** .488** .241 -.335* -     
Δ start-up time (13) -.171 .206 -.088 .212 .017 .258 -.819** .051 .039 .041 .169 -.291 -    

Δ total start-up mistakes (14) 
.195 .116 -.261 -.133 -.005 .380* .044 -.844** -.585** 

-

.730** 
.200 -.401* -.166 -   

Δ procedure start-up mistakes (15) .137 .161 -.242 -.109 .016 .371* .050 -.664** -.734** -.292 .124 -.417** -.067 .783** -  

Δ valve adjustment start-up mistakes 
(16) 

.177 .059 -.177 -.052 .005 .236 -.006 -.641** -.166 
-

.840** 
.205 -.242 -.172 .721** .158 - 

Δ  knowledge test (17) -.126 -.138 .246 .086 -.119 .056 -.003 -.160 -.002 -.251 -.527** -.026 .001 .179 .017 .240 

Note: Deltas can result in negative correlations 

Testing the hypothesis: Retentivity affects skill retention 

A Pearson correlation showed significant, moderate correlations (p<.05) between 

WIT-2 and production outcome at RA, WIT-2 and knowledge test at RA, Map 

Learning and production outcome at RA, and Map Learning and knowledge test at 

RA. Additionally, moderate correlations between WIT-2 and the delta of production 

outcome (difference of IT and RA) and between Map Learning and the delta of 

production outcome were found, as shown in Table 11. 

In summary, the findings show that performance in the RA correlates significantly 

with retentivity, and that the IT-RA difference score (Δ) of performance correlates 

significantly with retentivity. 

Testing the hypothesis: Work experience and retentivity have an impact on skill 

retention  

A regression was conducted to investigate the impact of both independent variables 

(ordinary work task and retentivity) on skill retention. The model with predictors 

group and WIT-2 on criterion delta of production outcome explained a 43.5% of the 

variance (F(2,35)=13.48, p<.001; Table 12). A regression with the predictors group 

and I-S-T 2000R on criterion delta of production outcome explained 33.4% of the 

variance (F(2,35)=8.78, p=.001; Table 12). Furthermore, a regression with the 

predictors group and Map Learning (objects on the route) on criterion delta of 

production outcome resulted in a significant model, which explained 36.4% of the 

variance (F(2,35)=10.03, p<.001; Table 12). A regression with the predictors group 
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and Map Learning (trials for route recall) explained 33.6% of the variance 

(F(2,35)=8.85, p=.001; Table 12).  

Finally, a regression with the predictors group and WIT-2/group and I-S-T 

2000R/group and Map Learning on criterion delta of knowledge test showed no 

significant model (p>.05). 

The results indicate that the significant model with the predictors work experience 

and WIT-2 explains the greatest amount of variance and that both predictors have a 

significant impact on the criterion variable.  

Table 12. Regression with criterion variables production outcome and knowledge test 

Criterion variable: Delta of production outcome IT and RA 

Predictor B SE(B) ß T p 

Group 457.650 103.709 .561 4.413 <.001 

WIT-2 -49.179 19.361 -.323 -2.540 .016 

Criterion variable: Delta of production outcome IT and RA 

Group 455.63 117.14 .559 3.89 <.001 

I-S-T 2000R -9.20 22.29 -.059 -0.41 .682 

Criterion variable: Delta of production outcome IT and RA  

Group 428.833 113.830 .526 3.767 .001 

Map Learning: Objects on the route -49.004 36.076 -.190 -1.358 .183 

Criterion variable: Delta of production outcome IT and RA 

Group 455.52 115.41 .559 3.95 <.001 

Map Learning: Trials 29.15 56.69 .073 0.51 .610 

 

Discussion 

The objective of the second study was to investigate skill retention in an ordinary 

work task and the impact of the cognitive ability variable retentivity on performance 

in a process control task.  

Study 2 showed that the EG outperformed the CG in the production of purified 

waste water and starting up the plant. This suggests that operating the plant and 

having work experience is more supportive than having no interaction with the 

system (Kluge et al., 2014). In addition, the study shows that retentivity measured 

by WIT-2 and Map Learning correlates with skill retention in process control tasks, 

with medium effect sizes. The regressions with production outcome as criterion 

variable showed significant results for all predictors, but the model with group and 

WIT-2 as predictors was the only model in which both variables had a significant 

impact on the criterion. This suggests that work experience and the retentivity 

measure WIT-2 can be used as retentivity measures in simulated process control 

tasks, which is in accordance with Maafi (2013). 

General discussion 

In general, the results suggest that work experience positively affects skill retention 

(Kluge et al., 2014) and that retentivity as an individual difference can predict work 
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performance (Tesluk & Jacobs, 1998) and skill retention. In addition, the results 

show that the simulated process control task addresses verbal, numerical and figural 

retentivity (Jäger, 1984; Jäger et al., 1997), which can be measured with WIT-2: 

“verbal retentivity” by remembering the labels of a tank, “numerical” by 

remembering the rate of flow of a valve, and “figural” by remembering the symbols 

for tanks, valves or column and the arrangement of the symbols. The findings also 

demonstrate that in terms of skill retention with two measurement times, retentivity 

should be measured using a test comprising two measurement times.  

Limitations and implications 

The present studies were implemented in a micro-world setting and using a student 

sample. It is possible that the study was limited due to the special-purpose 

experimental setting (Stone-Romero, 2011). Additionally, in order to investigate 

participants who were as similar as possible to the operators to whom we wish to 

generalise the findings, engineering students were recruited for the study. Finally, it 

is virtually impossible to investigate these purposes in a real process control setting, 

and in particular to recruit 40 almost identical operators with the same level of 

training and experience, and, in order to conduct a controlled and valid experiment, 

to bring real operators to the lab four times. 

The present findings and previous studies (Kluge et al., 2014; Maafi, 2013) show 

that future research on retentivity and skill retention would be worthwhile. It would 

be interesting to investigate retentivity in the context of work experience in 

comparison to refresher interventions, and in the refresher context only (Kluge et al., 

2012; Kluge & Frank, 2014). In future experiments, it would be recommendable to 

investigate general mental ability and its impact on retentivity and to recruit a larger 

sample size. 

  Practical implications 

The findings indicate that the cognitive ability variable retentivity is a valid 

predictor of skill retention. In addition, it suggests that the WIT-2 provides a good 

possibility to measure retentivity in process control tasks in only 20 minutes. 

Therefore, it can be recommended as one instrument for the selection of personnel 

for process control.  
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