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Although widely acknowledged in the field of process automation, skill decay of 

operators and its consequences has not been investigated intensively. In four 

laboratory experiments (N=252 subjects in total), skill decay of a trained start-up 

procedure of a water purification plant was measured after two (studies 1-3) and 

three (study 4) weeks with respect to the primary task performance (speed and 

accuracy of performing the start-up procedure) and secondary task performance to 

measure mental workload (MW). During the retention interval, experimental groups 

(EG) received a refresher intervention (RI), while control groups (CG) received no 

treatment (studies 1-4). The RIs were designed differently based on theories of skill 

proceduralisation (Practice-RI), the test effect (Skill Demonstration or Procedural 

Knowledge Test), Mental Practice (Symbolic Rehearsal) and on-the-job training 

(Work Experience). Results show that substantial skill decay occurs early on but can 

be countered by induced retrieval effort during RIs, which in turn affects primary 

task performance and MW differently. MW and variance in performance was lowest 

for the Practice-RI. RIs based on the test effect supported skill retention but affected 

MW negatively. Finally, all EGs (except the Practice-RI) and CGs varied in skill 

decay, which can be substantially attributed to person-related variables (mental 

ability/memory). 

  Introduction 

The notion of skill degradation and skill decay in highly automated workplaces such 

as process control is widely assumed to be a noteworthy side effect of automation 

(e.g. Bainbridge, 1983; Kluge et al., 2012; Onnasch et al., 2013; Parasuraman et al., 

2000; Sauer et al., 2000; Wickens & Hollands, 2000). It can potentially become an 

important safety issue, especially in non-routine situations, e.g. in the start-up or 

shut-down of a plant (Wickens & Hollands, 2000) or in cases of automation failure 

(McBride et al.,  2013; Onnasch et al., 2013; Parasuraman et al., 2000). A non-

routine situation is defined above all by the rarity with which it is performed (Kluge, 

in press). This rare performance creates a period of non-use, and through this non-

use, processes of forgetting as expressed in a very low strength of retrieval occur 

(Bjork & Bjork, 1992; Bjork, 2009); and consequently, the performance level is not 

present in the necessary manner.  
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The assumption concerning the process of forgetting refers to the power law of 

forgetting (Bourne & Healy, 2012; Wixted & Carpenter, 2007). “With the passage of 

time and the lack of opportunity to rehearse or refresh acquired knowledge and skill, 

performance declines and reflects failure to retain information” (Bourne & Healy, 

2012, p. 4). The skill degradation is observed in an increased response time or 

decreased accuracy. The power law of forgetting (Wixted & Carpenter, 2007) can be 

thought of as the inverse of the power law of practice (Bourne & Healy, 2012). 

Forgetting is assumed to be a difficulty in recalling knowledge and skill, which is 

due to the process of losing access (Bjork, 2011). Losing access, in turn, refers to a 

decrease in retrieval strength, defined as the accessibility at a given point in time 

(Bjork, 2011; for more details see Bjork & Bjork, 1992, 2006). In particular, 

procedural tasks are highly liable to forgetting (Martinussen & Hunter, 2010; Farr, 

1987).  

The amount of forgetting or the decrease in retrieval strength in process control, has 

seldom been directly addressed and investigated. We therefore conducted a series of 

four experiments (Kluge et al., 2012; Kluge & Frank, resubmitted; Miebach, 2013) 

to investigate the parameters within which forgetting becomes apparent in 

procedural tasks such as standard operating procedures (SOPs). As is known from 

the law of forgetting, skill decay may lead to a loss of speed and accuracy in 

performing a task, and may additionally lead to an increase in attentional resources 

and the mental effort with which the task is performed. In detail this means that the 

task is not performed skill-based anymore (because it is less proceduralised) but 

needs to be performed knowledge-based (by using declarative knowledge; Kim, 

Ritter & Koubek, 2013)  with less attentional resources available for e.g. secondary 

tasks.  

In these four studies, we investigated the amount of skill degradation and the impact 

of various countermeasures. In the present paper, the focus will be on the aspects of 

skill decay in terms of a) speed loss and its consequences for production outcome, b) 

increased mental workload (a & b studies 1-4), and c) its correlation with person-

related variables (study 4).   

  The task to be performed  

  The skill to be maintained and the simulated process control task  

In all studies (Kluge et al., 2012; Kluge & Frank, in press) referred to here, the 

participants’ task was to start up a simulated plant in an eleven-step fixed sequence 

(Table 1). The start-up of a plant is assumed to be a non-routine task which requires 

skill retention. The start-up sequence is embedded in the operation of the Waste 

Water Treatment Simulation (WaTrSim, Burkolter et al., 2009). 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 (primary task). This goal is 

achieved by controlling four main processes in WaTrSim, considering the timing of 

actions and following fixed sequences (Kluge et al., 2012). The start-up procedure 

was used to measure skill retention and skill decay, respectively. 
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Table 2. Sequence of start-up procedure trained. V1 – V4 are the abbreviation for 

e.g. valve 2, tanks in AWAsim are called Ba, Bb, Bc, Bd, Be, R1 and HB1 as well as 

heatings are labelled by H1 and K1. 

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/h 
Operate controller V1 

Set target value 500l/h 

Step 3 Wait until content of R1 > 200 l 

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

Set target value 500l/h 

Step 5 Wait until content R1 > 400 l 

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

Set target value 1000l/h  

Step 7 Wait until content of HB1 > 100 l 

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/h 
 Operate controller V4 

Set target value 1000l/h  

 

  The general experimental setting of studies 1-3 

The studies comprised a between- and within-group design with one or two 

experimental groups (EGs) compared to a control group (CG) and two measurement 

times (Figure 1).  

In the present paper, we present the findings concerning skill decay in terms of  

a) the CGs and their amount of skill decay resulting from speed loss and its 

consequences for production output, and  

b) performance degradation in the secondary task of EGs and CGs (indicator of 

mental workload). 

For studies 1-3 and all groups, each experiment included two measurement times: 1) 

performance at the end of the Initial Training (IT) and 2) performance at the 

Retention Assessment (RA) two weeks later. The EGs additionally received a 

refresher intervention (RI) between IT and RA (for details of the EGs, see Kluge et 
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al., 2012, Kluge & Frank, in press). CGs were assessed at the IT and the RA only 

and received no refresher intervention. The CGs’ performance served as an 

indication for “pure forgetting” due to non-use.  

 

 

Figure 5. Procedure in studies 1-3; the CG procedure was identical in studies 1-3 

and is described in CGs (in study 1, the knowledge test was not applied in RA; in 

study 2, the knowledge test was applied after the measurement of temporal transfer; 

in study 3, the knowledge test was applied before the measurement of the temporal 

transfer).  

All participants were recruited through postings in university internet forums, 

handing out flyers and requests for participants during lectures. To ensure technical 

understanding, only students from faculties of engineering were recruited. All of 

them received course credits for their participation. All studies were approved by the 

ethics committee and subjects were informed about the purpose of the study and told 

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

The initial training (IT): The IT session lasted for 90 minutes. Participants were 

welcomed and introduced to WaTrSim. After completing tests concerning person-

related variables relevant for the study (described below), participants explored the 

simulation twice. They were then given information and instructions about the start-

up procedure and practised performing the target eleven-step start-up procedure four 

times. During these first four trials, participants were allowed to use the manual. 

Following this, they then had to perform the start-up procedure four times without 

the manual and were told that they were expected to produce a minimum of 1000 

litres of purified water. The fourth and final trial of this series was used as the 

reference level of performance after training. Finally, the ability of participants 

regarding their acquired knowledge was tested (knowledge test, described below). 
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The retention assessment (RA): The RA took about 20 minutes. After the 

participants were welcomed, they were asked to start up the plant two consecutive 

times. The first trial was used to assess skill retention/decay. The knowledge test, 

which was applied in the IT, was also applied at the end of the RA. The test was 

identical in all studies, except for the position in the RA (Figure 1). 

In the IT and the RA, participants were trained and tested in groups containing a 

maximum of eight persons. 

Independent variables 

During the retention interval, EGs received a refresher intervention (RI) while 

control groups (CG) received no treatment. The RIs were designed differently based 

on theories of skill proceduralisation (Practice-RI), the test effect (Skill 

Demonstration or Procedural Knowledge Test), and mental practice (Symbolic 

Rehearsal), which are described in detail in Kluge and Frank (resubmitted). 

Dependent variables 

Skill decay: The start-up procedure (see Table 1) was used for the measurement of 

skill decay . The start-up procedure incorporates  a secondary task which required 

participants to note the tank level of a specified tank every 50 seconds (scores 0-3) 

in order to measure mental workload. 

Skill decay is therefore operationalised in terms of  a) the production outcome, 

which equals the amount of produced purified water in litres at the measurement 

point of the RA (two weeks later; Table 2) and b) secondary task performance.   

Control variables 

Person-related variables: Sex, age, general mental ability (GMA, using the 

Wonderlic Personnel Test, 2002), as well as prior knowledge about waste water 

treatment and basic chemical understanding were assessed at the beginning of the IT 

(Figure 2). To measure GMA, verbal, numerical and spatial aspects of intelligence 

were assessed. The participants had twelve minutes to answer 50 items. Correct 

answers were counted (score 0-50 points). The prior knowledge test included seven 

questions about waste water (score 0-7 points).  

Knowledge: At the end of the IT and the RA, participants filled in a knowledge test 

addressing declarative and procedural knowledge about operating WaTrSim. The 

test includes clozes, questions and diagrams about WaTrSim and background 

knowledge about waste water treatment (10 questions). Questions included “What 

are the goals in the start-up procedure in WaTrSim?”, “Which gadget is shown in the 

diagram?” or “What happens in waste water treatment?” (score 0-24 points).  



84 Kluge, Frank, & Miebach 

Table 3. Overview of experimental parts and variables. EGs received a refresher intervention 

(RI) while control groups (CG) received no treatment 

Studies 1-3 

Session Week 1 
Initial Training (IT);  

90 min 

 

Session Week 3 
Retention Assessment (RA);  

20 min 

• Pretraining Test:  

- Socio-demographic data 

- General mental abilities 

- Prior knowledge 

• Initial Training: 

- 2x Explore 

- 4x Start-up with manual 

• Test 1: 

- 4x Temporal transfer: 

Start-up without manual 

(performance in fourth of 

four times was measured) 

- Knowledge test 

• Test 2: 

- Temporal transfer: 

Start-up (further 

called RA)  

- Knowledge test* 

 

* Study 1: no knowledge test was applied, Study 2: knowledge test at the end of RA, Study 3: 

knowledge test at the beginning of RA 

 

Results of studies 1-3  

The descriptive statistics of all three studies are displayed in Table 3.

CG: For production outcome, a repeated measures ANOVA showed a significant 

effect of time and of group but no interaction of time and group (Figure 2, left side). 

For the secondary task, a significant effect of time and group was revealed, but no 

interaction of time and group (Figure 2, right side). For the knowledge test, a 

significant effect of time, no effect of group, but a significant interaction of time and 

group was shown (Table 4). This means that three control groups showed skill decay 

from IT to RA and that this skill decay differs substantially between groups, with a 

medium to large effect size. 

 

EG: A repeated measures ANOVA for the secondary task with EGs revealed a 

significant effect of time, no significant effect of group, but an interaction of time 

and group was found (Figure 3). Moreover, a significant effect of time, group and 

interaction of time and group was found for production outcome (Figure 4). For the 

knowledge test, no significant effect of time, group or interaction was found (Table 

4). That means that skill retention and decay depends on the refresher intervention 

(Figure 3).  



 

 

Table 4. Descriptive Statistics of sample size, sex, age, prior knowledge, GMA and performance in IT and RA for CGs; M (SD) 

 Study 1   Study 2   Study 3   

 CG 1 

 
(n=19) 

Practice  

 
(n=18) 

Symbolic 

Rehearsal  
(n=20) 

CG 2 

 
(n=24) 

Practice  

 
(n=22) 

Skill Demo. 

 
(n=22) 

CG 3 

 
(n=24) 

Symbolic 

Rehearsal 
(n=22) 

Procedural 

Knowledge 
(n=22) 

Sex 4 female 5 female 5 female 8 female 11 female 11 female 18 female 13 female 12 female 

Age 21.42  
(2.69) 

21.44  
(2.59) 

21.15  
(1.61) 

20.88  
(1.30) 

22.86  
(3.36) 

21.55  
(2.54) 

20.58  
(1.95) 

20.09  
(2.09) 

20.95 
(1.94) 

Prior Knowledge (0-7) 5.10  

(1.34) 

5.56 

(1.25) 

4.80  

(1.24) 

4.63  

(1.81) 

4.86 

(1.32) 

5.23  

(1.23) 

5.17  

(1.34)  

5.50  

(1.14) 

5.23  

(1.31) 

GMA (0-50) 28.05  

(5.19) 

26.78  

(4.92) 

26.80 

(3.94) 

25.79  

(4.38) 

25.00  

(3.72) 

28.09  

(5.80) 

24.42  

(4.34) 

25.27  

(4.34) 

26.82  

(4.87) 
Prod. Outcome IT 1142.72 

(99.33) 

1107.96 

(80.49) 

1124.72  

(77.02) 

1092.31 

(142.88) 

1020.51 

(366.32) 

1123.55  

(178.31) 

1026.95 

(346.58) 

1119.62 

(125.23) 

1093.74 

(150.02) 

Sec. Task IT 1.84  

(0.69) 

2.00 

(0.77) 

2.20  

(0.52) 

1.92  

(1.06) 

1.59  

(1.18) 

2.00  

(0.97) 

1.50  

(1.06) 

1.91  

(0.92) 

1.86  

(1.17) 

Knowledge Test IT (0-24) - 17.67 

(3.82) 

17.85  

(1.60) 

14.42  

(3.84) 

15.09  

(3.35) 

16.45  

(3.36) 

15.33  

(4.07) 

16.00  

(3.28) 

15.64  

(4.29) 

Prod. Outcome RA  719.32 

(418.69) 

1033.43 

(196.69) 

850.28 

(294.05) 

630.04 

(420.30) 

1025.40 

(366.03) 

968.44  

(220.06) 

390.03 

(440.76) 

641.85 

(408.41) 

665.72 

(308.27) 
Sec. Task RA  1.05  

(0.85) 

1.94  

(0.54) 

1.25  

(0.79) 

0.75  

(1.03) 

2.05  

(0.99) 

1.41  

(1.01) 

0.17  

(0.38) 

0.86  

(1.04) 

0.95  

(1.05) 

Knowledge Test RA (0-24) - - - 13.67  
(4.44) 

16.05  
(2.66) 

16.64  
(3.96) 

12.75  
(3.80) 

16.82 
(2.36) 

15.32  
(4.64) 



 

 

Table 4. Results of repeated measures ANOVA for CG and EGs for studies 1-3 

 Production 

Outcome  

(skill decay) 

Secondary Task 

(mental workload) 

Knowledge 

Retention 

CGs (n=67)    

 Time F(1,64)=81.67, 

p<.001, η2
p=.561 

F(1,64)=62.25, 

p<.001, η2
p=.493 

F(1,64)=17.81, 

p<.001, η²p=.279 

 Group F(2,64)=4.33, 

p=.017, η2
p=.119 

F(1,64)=5.11, p=.009, 

η2
p=.138 

n.s. 

 Time x Group n.s. n.s. F(1,46)=5.39, 

p=.025, η²p=.105 

EGs(n=126)    

 Time F(1,120)=50.73, 

p<.001, η2
p=.297 

F(1,120)=29.56, 

p<.001, η2
p=.198 

n.s. 

 Group F(5,120)=4.33, 

p=.001, η2
p=.153 

n.s. n.s. 

 Time x Group F(5,120)=5.93, 

p<.001, η2
p=.198 

F(5,120)=6.73, 

p<.001, η2
p=.219 

n.s. 

We also analysed the difference between the variance that occurs between all groups 

(SD) based on Bland (2000), as the variance differs strongly. Significant differences 

between the variances are displayed in Table 5. The performance of subjects at RA 

is most similar in the practice and skill demonstration groups. 

Table 5. Significant differences in variances between CGs and EGs (Bland, 2000) 

 Production 

Outcome 

(skill decay) 

Secondary Task 

(mental 

workload) 

Knowledge 

Retention 

CGs vs. EGs F=1.65, p=.008 n.s. n.s. 

CG1 vs.    

 Practice (Study 1) F=4.53, p=.003 n.s. - 

 Symbolic Rehearsal (Study 1) n.s. n.s. - 

 Practice (Study 2) n.s. n.s. - 

 Skill Demonstration F=3.62, p=.006 n.s. - 

 Symbolic Rehearsal (Study 3) n.s. n.s. - 

 Procedural Knowledge n.s. n.s. - 

CG2 vs.    

 Practice (Study 1) F=4.57, p=.002 F=3.64, p=.008 - 

 Symbolic Rehearsal (Study 1) n.s. n.s. - 

 Practice (Study 2) n.s. n.s. F=2.79, p=.021 

 Skill Demonstration F=3.65, p=.004 n.s. n.s. 

 Symbolic Rehearsal (Study 3) n.s. n.s. F=3.54, p=.005 

 Procedural Knowledge n.s. n.s. n.s. 

CG3 vs.    

 Practice (Study 1) F=6.75, p<.001 n.s. - 

 Symbolic Rehearsal (Study 1) n.s. F=4.32, p=.001 - 

 Practice (Study 2) n.s. F=6.79, p<.001 n.s. 
 Skill Demonstration F=4.01, p=.002 F=7.06, p<.001 n.s. 
 Symbolic Rehearsal (Study 3) n.s. F=7.49, p<.001 F=2.59, p=.032 

 Procedural Knowledge n.s. F=7.64, p<.001 n.s. 
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Figure 6. Production Outcome and Secondary Task performance (as indicator of mental 

workload for primary task) of EGs and CGs of Studies 1-3. Explanation of abbreviation: E.g., 

Practice 1 means Practice group from study 1 

In addition, Pearson correlations for CGs showed significant correlations between 

GMA and prior knowledge, secondary task in RA, but no significant correlation 

between prior knowledge and performance were found (Table 6). For EGs, no 

significant correlations with person-related variables were found (Table 7). 

Table 6. Pearson Correlation between GMA, Prior Knowledge, Production Outcome and 

Secondary Task in RA for CG of Studies 1-3 (n=57), **p<.01, *p<.05 

 1 2 3 4 

GMA(1) -    

Prior Knowledge (2) .236 -   

Prod. Outcome RA (3) .155 .036 -  

Secondary Task RA (4) .364** .161 .373** - 

Knowledge Test RA (5) .383** .362* .199 .385** 

 

Results for the CGs show that GMA is significantly related to the mental workload 

at RA as well as to the amount of knowledge which is retrieved at RA. As the CGs 

received no RI, this means that the mental workload with which the primary task is 

performed also depends on the individual’s mental abilities.  

Table 7. Pearson Correlation between GMA, Prior Knowledge, Production Outcome and 

Secondary Task in RA and 2 for EG of Studies 1-3 (n=122), **p<.01, *p<.05 

 1 2 3 4 

GMA (1) -    

Prior Knowledge (2) .247** -   

Prod. Outcome RA (3) .084 -.041 -  

Secondary Task RA (4) .134 .103 .382** - 

Knowledge Test RA (5) .341** .403** .244* .325** 

 

Results for the EGs show that GMA affects knowledge retention only and has no 

effect on mental workload here. 
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Summary of studies 1-3 

In summary, we found that skill decay and loss of retrieval strength has two 

consequences: loss of speed and accuracy of the performance of a fixed sequence 

procedure on task performance and the mental workload which accompanies it. 

Based on the observation that the variance in performance varies to a large extent, 

we assumed that person-related variables other than GMA may affect the retention 

of knowledge and skills; thus, in study 4, which is introduced next, we incorporated 

retentiveness.  

Methods study 4 

With regard to studies 1-3, criticism emerged that the generalisation of findings is 

limited because in a real production context, the operators would not be “doing 

nothing” between IT and a non-routine situation, but would be constantly interacting 

with the system. We therefore designed a study which simulated a form of “daily 

routine” for the operators. The study is reported in detail in Miebach (2013). The 

study conducted by Miebach (2013) addressed the impact of work experience (in 

which the plant is controlled in routine operation, in which the start-up procedure is 

not required) on skill retention and skill decay, respectively. 

The skill to be maintained here is also the eleven-step fixed sequence as described in 

section “General Methods” (Table 1). 

Experimental procedure of the study  

In this study, a between- and within-group design was implemented with one 

experimental group (EG - work experience/routine operations) compared to a 

control group (CG) and two measurement times (Figure 3, Table 8).  

The two measurement times were as follows: 1) performance at the end of the Initial 

Training (IT) and 2) performance at the Retention Assessment (RA) three weeks 

later. The EGs additionally received an intervention called Work Experience (WE), 

which consisted of controlling WaTrSim twice for 30 minutes between IT and RA. 

The WE took place one week and two weeks after the IT. The CG received only the 

IT and the RA, which are described in section “General Methods”. 

 

Figure 7. Procedure of study 4; the RA was conducted three weeks after the IT 
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The dependent variables are identical to studies 1-3  

In this study, in addition to sex, age, GMA and prior knowledge, retentiveness was 

measured as a further control variable using subtest I for figural retention and subtest 

II for verbal retention of the I-S-T 2000R (Liepmann et al., 2007). The dimension of 

I-S-T 2000R measures retentiveness verbally and figurally. After one minute of 

memorising, the memorised words have to be attributed 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 picked: “Please find the right answer” 

(score 0-13, overall score 0-23). 

Furthermore, knowledge about WaTrSim was measured with an adapted and 

extended version of the knowledge test applied in studies 1-3. The test consisted of 

13 questions, e.g. “Is it correct that tank R1 has to be filled with at least 100 litres so 

that the heating HB1 can be turned on?” (score 0-47). 

Table 8.Overview of experiment parts and variables. 

Study 4 

Session Week 1 
Initial Training (IT);  

120 min 

 

Session Week 4 
Retention Assessment (RA);  

40 min 
• Pretraining Test:  

- Socio-demographic data 

- General mental abilities 

- Retentiveness 

- Previous knowledge 

• Initial Training: 

- 2x Explore 

- 4x Start-up with manual 

• Test 1: 

- 4x Temporal transfer: 

Start-up without manual 

(performance in fourth of 

four times was measured) 

- Knowledge test 

• Test 2: 

- Temporal transfer: 

Start-up 

- Knowledge test 

 

 

Results of study 4 

The descriptive statistics of the study are shown in Table 9. 

CG: A repeated measure ANOVA showed a significant effect of time for the control 

group in production outcome (F(1,19)=47.87, p<.001, η
2
p=.716), in the secondary 

task (F(1,19)=39.23, p<.001, η
2

p=.674) and in knowledge test (F(1,19)=11.33, 

p=.003, η
2
p=.374). This means that substantial skill decay occurred if no WE took 

place.  

EG: A repeated measure ANOVA showed a significant effect of time for the EG in 

production outcome (F(1,19)=9.07, p=.007, η
2

p=.323) but no effects of time in the 
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secondary task (F(1,19)=3.71, p=.069, η
2
p=.164) and in knowledge test 

(F(1,19)=0.06, p=.805, η
2

p=.003). This means that the WE could not avoid skill 

decay, but did support the automaticity of skills (indicated by a reduced mental 

workload with which the production task is performed) and the retention of 

knowledge.  

Table 5. Descriptive Statistics for CG and EG of Study 4; M (SD) 

 CG 4 

(n=20) 

WE 

(n=20) 

Sex 13 female 12 female 

Age 27.05 (4.85) 20.25 (0.85) 

Prior Knowledge (0-7) 5.28 (1.22) 5.65 (1.04) 

GMA (0-50) 25.90 (5.22) 25.55 (4.67) 

Retentiveness (0-23) 19.15 (4.17) 19.55 (3.17) 

Prod. Outcome IT 1122.18 (216.63) 1036.51 (307.26) 

Sec. Task IT 2.35 (0.67) 2.20 (1.01) 

Knowledge Test IT (0-47) 35.55 (4.32) 33.20 (6.65) 

Prod. Outcome RA  316.75 (429.03) 810.45 (391.69) 

Sec. Task RA  0.75 (1.07) 1.65 (0.99) 

Knowledge Test RA (0-47) 29.35 (8.38) 32.85 (5.67) 

 

 

Figure 8. Production Outcome in Litres and secondary task results of WE and CG in IT and 

RA. 

Here too, the difference between variance in performance between groups was 

analysed, but no significant differences were found (p>.05).  

A Pearson Correlation between person-related variables and performance at RA 

showed no significant correlations either in the CG or in the EG (Tables 10 and 11). 

This means that in this study, neither GMA nor retentiveness had an impact on 

knowledge and skill retention.  
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Table 6. Pearson Correlation between GMA, Prior Knowledge, Retentiveness, Production 

Outcome and Secondary Task in RA for CG of Study 4 (n=20), **p<.01, *p<.05 

 1 2 3 4 5 

GMA(1) -     

Prior Knowledge (2) .318 -    

Retentiveness (3) -.173 .052 -   

Prod. Outcome RA (4) .149 .387 -.015 -  

Secondary Task RA (5) .108 .399 .021 .923** - 

Knowledge Test RA (6) .427 .397 -.176 .482* .568** 

 

Table 11. Pearson Correlation between GMA, Prior Knowledge, Retentiveness, Production 

Outcome and Secondary Task in RA for EG of Study 4 (n=20), **p<.01, *p<.05 

 1 2 3 4 5 

GMA(1) -     

Prior Knowledge (2) .280 -    

Retentiveness (3) .021 -.034 -   

Prod. Outcome RA (4) .162 .242 .351 -  

Secondary Task RA (5) .158 -.074 .434 .072 - 

Knowledge Test RA (6) .357 .214 .145 .173 -.273 

   

  Discussion 

The present paper shows that skill decay as well as the mental workload (with which 

a task is performed after a longer period of non-use) depends on non-use as well as 

on the method of refresher intervention (studies 1-3). In addition, it was shown that 

ordinary work experience also leads to skill decay in certain tasks, although some 

automaticity in handling the system is acquired (study 4). These results support the 

theoretical assumptions and empirical findings presented by McBride et al. (2013) 

and Onnasch et al. (2013). Regarding person-related variables, in studies 1-3, 

correlations between the person-related variable GMA and the secondary task was 

found for the CG. In both the EG and CG, a relationship between GMA and 

knowledge was shown. The fourth study showed no significant correlations, and in 

particular no correlations between dependent variables and retentiveness. These 

findings may be explained by the retentiveness test used (IST-2000R), which might 

not have corresponded to the type of retentiveness required in this study, because it 

addresses shorter retention intervals in particular. In a further study (Maafi, 2013), 

we therefore incorporated the Wilde-2 Test (Kersting et al., 2008), which measures 

retentiveness for longer periods of non-use, and found substantial and medium to 

large correlations between the retentiveness measured by the Wilde-2 and 

knowledge and skill retention. 

Our studies aimed to show the effects of skill decay and possible countermeasures to 

support skill maintenance over longer periods of non-use. In summary, results show 

that different RI methods lead to different performance results and skill decay or 

maintenance. Even work experience cannot completely counter skill decay with 

respect to non-routine situations. Organisations should therefore carefully design 
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possible interventions in order to maximise skill retention with a minimum of mental 

workload. 
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