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Abstract 
An increasing number of examination bodies around the world are replacing paper-
based marking with onscreen marking (OSM), a system in which marking is done on 
computers. OSM has been used for the LPATE since 2008 and is being introduced for 
all public examinations in Hong Kong in 2012. The change to OSM has occasioned 
discussion of the possible consequences for marking reliability, particularly with regard 
to the question of whether marker ‘fatigue’ results from having to mark on a computer 
in a marking centre. This paper explores the issue of marker fatigue among markers of 
the written papers of the LPATE, a standards-referenced assessment which assesses the 
English proficiency of those who wish to teach English in Hong Kong schools, and 
administered by the Hong Kong Examinations and Assessment Authority (HKEAA). It 
presents data from the HKEAA’s OSM system on the variability of marking in different 
marking periods. The study concludes that, while there is some evidence of marker 
fatigue, there is no concrete evidence of adverse fatigue effects. 
 
Background to the research 
The purpose of the current research was to investigate the issue of fatigue among 
makers of the composition section of Paper 2 (Writing) of the 2011 Language 
Proficiency Assessment for Teachers of English (LPATE), with particular reference to 
the effect of marking for extended periods onscreen on the reliability of marking 
(Meadows and Billington 2005 is a thorough review of the literature on reliability).  
 
The LPATE is a high-stakes, standards-referenced assessment used to assess the English 
language proficiency of those wishing to teach English in Hong Kong schools.1 All 
LPATE marking is done on computers in designated marking centres, and it is not 
unusual for markers to mark for extended periods, sometimes hours at a time, often 
without a break. Previous research has found that  extended periods of concentration can 
be detrimental to physical and mental performance, particularly in high-pressure 
occupations (e.g. Petrilli et al. 2006) and when computers are used (e.g. Jensen et al. 
2004). Studies of onscreen marking (OSM) have generally not explored the topic of 
fatigue in depth but, given the findings of research in other settings, it is reasonable to 
assume that marker performance might be influenced by it.  
 
The HKEAAs OSM system records all marking times and durations so it is possible to 
investigate whether there is a demonstrable relationship between marking for a long 
period and marking reliability. Reliability in this study is defined as the degree of 
difference between a raw score and a statistically adjusted ‘true’ score. It is posited that, 
if a statistical relationship is found between marking duration and the scores given to  
compositions, this would be de facto evidence of marker fatigue and so any influences 
on scores would constitute ‘fatigue effects’.  
 
The composition component of the LPATE assessment was chosen as the focus of the 
research for two reasons: first, since most previous studies have concerned short 

 
1 Details of the structure of the LPATE assessment can be found at http://www.hkeaa.edu.hk/en/lpat/
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answers, the issue of the OSM of extended writing is under-researched (Shaw 2008). 
Second, the LPATE composition is marked according to a set of ‘Scales and 
Descriptors’, meaning that there is greater scope for variation in marker judgement than 
in item-based papers. The scales used to assess candidates’ compositions are as follows: 
 
Scale 1: Organisation and Coherence  
Scale 2: Grammatical and Lexical Accuracy and Range 
Scale 3: Task Completion 
 
Candidates are asked to write about 400 words, in a stated text type, on a topic of 
current relevance to Hong Kong. In 2011, candidates wrote a proposal for a youth event. 
Markers give a score of between 1 and 5 on each scale, with 5 being the highest score. 
All scripts are double marked and an IRT ‘fair averaging’ procedure (cf. Lumley and 
McNamara 1995) is employed to derive the final scale scores, which are reported 
separately. It should be noted that the present study concerns only the initial scale scores. 
Since there is double marking, discrepancy checking and fair averaging in the actual 
LPATE, any variability in raw scores is attenuated before the final marks are given to 
candidates.  
 
As a preliminary to the quantitative phase of the research, LPATE markers were 
surveyed to see whether they felt they had suffered from fatigue during OSM and 
whether there had been any perceived fatigue effects. I present results of the survey in 
the following section before describing OSM and fatigue in more detail. 
 
Survey of LPATE markers 
Markers of all LPATE 2011 written papers were surveyed after the marking period had 
concluded to find out whether they felt they had suffered from fatigue and what its 
effects had been (responses n=30, 79% of all markers). Most questions were open to all 
markers to answer but three were directed exclusively at composition markers 
(responses n=10). The key findings were as follows: 
 
Questions answered by all markers 
• Most markers felt that they had experienced fatigue during the marking period.  
• Fatigue manifested itself as tired eyes, difficulty concentrating, sleepiness and 

muscle pain. 
• Markers attributed the fatigue to OSM and to marking for long periods. 
• Markers felt that fatigue had made them mark more slowly than normal. 
• Sixteen respondents stated that there had been no effect on the reliability of their 

marking, with the remainder unsure. 
• Four markers said that they were more willing to give the benefit of the doubt to 

candidates when fatigued, 17 said that they were not, while the remainder were 
undecided. 

Questions answered by Composition markers only 
• Two markers said that they had been less willing to give high scores to compositions 

when fatigued but most said fatigue had had no influence on the scores they had 
given. 

• Three markers expressed uncertainty about whether fatigue had influenced their 
willingness to give low scores to compositions; all but one of the others said there 
had been no influence. 

• Two markers said that they had given similar scores to compositions when fatigued 
while 3 others said they didn’t know whether they had or not. 
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The findings suggest that LPATE markers felt they had suffered from fatigue and some 
attributed this to OSM as well as marking duration. Some ‘fatigue effects’ were 
mentioned, although more respondents either rejected the notion that fatigue had 
influenced their marking or were unsure about this.  
 
Given these findings, it was decided to look in more depth at the issue of fatigue and to 
explore statistically whether marking for long periods onscreen did, in fact, have an 
impact on the reliability and range of scores given. In the sections that follow, I first 
review the OSM system, then relevant research on fatigue, before describing data and 
presenting findings. 
 
Onscreen Marking (OSM) 
OSM of examinations is becoming increasingly common around the world (Drasgow et 
al. 2006, Shaw 2008) and Hong Kong is following this trend, progressively 
implementing OSM for all subjects offered in its public examinations. 2 Current 
HKEAA practice is that candidates write their answers on paper, in Question-Answer 
booklets which are bar-coded. These booklets are scanned and the anonymised script 
images stored on a server, ready for distribution to markers via a computer intranet. The 
actual marking is done in one of the HKEAA’s designated marking centres. These are 
premises with hundreds of computers running the OSM interface, as well as facilities 
for meetings and areas where markers can relax. The marking centres are open all day 
(usually until 10pm) and so markers have great flexibility in when they mark, and for 
how long.  
 
Before marking begins, markers are trained and standardised using scripts which have 
been pre-marked by the Chief Examiner (see Drave 2010 for details of standard-setting 
procedures for item-based papers). Throughout the training and marking process, scripts 
are delivered automatically and randomly, and markers read them onscreen before 
clicking a radio button to indicate whether an item is correct or incorrect (in the case of 
item-based papers) or clicking on a number between 1 and 5 to enter a scale score (for 
the composition part of the Writing paper). The OSM system also allows for monitoring 
of marker performance by randomly allocating ‘Control’ scripts, which have been pre-
marked. For practical and legal reasons, we do not allow annotations of scripts, although 
research has found that markers find this beneficial (Shaw 2008). 

 
OSM Reliability
Previous research has demonstrated that the move to OSM has certain consequences for 
how marking is conducted, how reliable/valid it is and for marker comfort and 
wellbeing (Shaw 2008, Geranpayeh 2011, Whitehouse 2010). In general, OSM marking 
studies seem to fall into three types: those which compare the reliability of OSM 
marking to paper-based marking (of the same scripts); those which examine the 
reliability of marking by using internal reliability measures such as those based on IRT 
models; and those which survey subjective attitudinal factors. 
 
Research has found that OSM compares favourably to paper-based marking on 
reliability and consistency measures (Whitehouse 2010, Shaw 2008, Coniam 2009). 
Whitehouse (2010) notes that OSM was found to cause no change in marker 
leniency/severity in a GCSE Literature exam (n=180 scripts) but there was greater 
variation in marking. A similar tendency towards greater variation was found by Fowles 

 
2 For details of the HKEAA’s OSM system, please refer to 
www.hkeaa.edu.hk/DocLibrary/Media/Leaflets/ea-osm-eng.pdf
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(cited by Whitehouse 2010: 2) with regard to GCSE English, with markers being either 
more severe or more lenient onscreen. This was a very small study, however (n=40 
electronic scripts). Johnson et al. (2010) studied 12 experienced English literature 
assessors who marked two matched samples of 90 essay exam scripts on screen and on 
paper. A variety of statistical methods were used to compare the reliability of the essay 
marks given and no differences were found. Coniam (2009) studied the 2007 Hong 
Kong CEE English Language Writing Paper. Thirty markers marked on paper 100 
scripts they had marked onscreen nine months before. There were no differences 
between the marking of the two modes. 
 
Some studies do not compare marking modes but instead seek to establish the internal 
reliability/consistency of OSM using the same techniques as traditional/paper-based 
rater variability studies. Whitehouse’s (2010) study of an essay-based unit of the UK’s 
AS Level Geography found that the marking reliability was acceptable, as judged by 
comparing OSM scores with a ‘true’ mark given by experts (n=173 scripts). A study of 
the Primary 6 Territory-wide Systems Assessment in Hong Kong found that there were 
high correlations between the ‘true’ marks given by expert markers and those given by 
markers marking onscreen (Cheung and Chang 2009).  
 
Coniam’s attitudinal survey of markers of the Liberal Studies examination in Hong 
Kong found that there was considerable marker resistance to moving from paper-based 
marking to OSM, and some markers felt that there were negative consequences to doing 
so (Coniam 2010, Coniam and Yeung 2010).  
 
The two Hong Kong studies cited above both touch on the issue of marker fatigue. 
Cheung and Chang (2009: 2) claim that “rater fatigue may be a factor weakening the 
reliability of marking and raters tend to rate more severely over time.” Fatigue is used as 
a rationale for not giving the markers in their study too many scripts to mark. Coniam 
and Yeung (2010) report that markers said they suffered from tired eyes when using 
OSM. The issue of fatigue is not explored in detail in either study, however. 
 
Fatigue 
According to Theander (2007), there are more than 250 ways of measuring fatigue but 
no agreed definition of it. There have been many attempts to classify and categorise 
fatigue symptoms in medical settings, the most widely used scale for measuring fatigue 
being the Multidimensional Assessment of Fatigue Scale (MAF). However, scales such 
as this – and there are dozens of them in use (Whitehead 2009, Hjollund et al. 2004) – 
are normally used to measure self-reported fatigue in conditions of (usually chronic) 
illness, over a number of days (Belza 2010), so are not directly relevant to the present 
study.  
 
In non-medical studies, there is a tendency to regard fatigue as a loose set of deleterious 
physical, emotional, behavioural and cognitive symptoms which negatively impact 
human performance (Theander 2007). Meadows and Billington (2005) categorise 
fatigue as a ‘transient examiner trait’ and thus recognise its relevance to marking, but 
their literature review covers only two studies, neither of which is particularly relevant 
to the current research.  
 
Of more relevance to this study is research on prolonged computer use, which has been 
found to give rise to ergonomic consequences for users, such as physical discomfort and 
mental strain (Sonnea et al. 2010, Müllera et al. 2010). Geranpayeh (2011) reports that 
markers in his OSM survey felt strain from the fact that they were using a mouse when 
marking for long periods. Markers also felt that scrolling had an impact on their 
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marking because this made them forget information. Simply reading onscreen presented 
no problems for Gernapayeh’s respondents, although other research has found that it 
necessitates different practices from reading on paper, and so causes some mental strain 
for readers (Shaw 2008).  
 
The issue of fatigue is particularly important for occupations in which errors of 
judgement can be costly in terms of human life. A study of surgeons who had been on-
call for a long period, for example, found that fatigue caused an increase in cognitive 
errors, a decrease in attention and in the ability to carry out certain psychomotor tasks 
(Kahol et al. 2008). Nurses who work for more than 12 consecutive hours, or work when 
they have not had sufficient sleep, put their patients’ health at risk (Rogers 2008). Studies 
of various occupations have found that engaging in a task for long periods results in 
negative cognitive-behavioural effects: air traffic controllers (Signal et al. 2009), lorry 
drivers (Moore and Brooks 2000) and pilots (Petrilli et al. 2006, Stewart et al. 2006) 
have all been found to suffer fatigue effects.  
 
It is difficult to derive any definitive conclusions from these studies, however, because 
fatigue is defined in many different ways, with different aspects in focus in different 
studies, and it is often confounded with sleep deprivation. What seems clear, however, 
is that fatigue is essentially a time-based concept: in contexts of computer use and when 
undertaking activities requiring concentration, the longer one undertakes a task for, the 
more fatigue there is. This does not mean that there will necessarily be fatigue effects, 
of course, but the above research suggests that this is a likely outcome. The key research 
question to ask in relation to OSM, therefore, is: ‘Does a marker suffer fatigue effects 
(become less reliable) the longer they mark for? The specific research questions 
addressed in the study were: 
 
Q1 Were LPATE markers equally reliable (i.e. severe/lenient) in different marking 
periods? 
Q2 Did fatigue effects occur in particular scales? 
Q3 Did fatigue effects occur for particular markers?  
 
Method3

In 2011, 1369 candidates sat the LPATE Writing paper. Each composition script was 
double marked over a period of approximately one month. There were 12 markers, plus 
a Chief Examiner (CE) and Assistant Chief Examiner, and each marker marked 
approximately 220 scripts each (including double marking). The scores given were then 
fair averaged using Rasch analysis to take into account marker leniency/strictness 
tendencies. The final scores were then checked against the original mean scores on each 
scale and anomalies dealt with by the CE. This adjusted fair average score is regarded as 
the ‘true’ score of the candidate on each scale. 
 
The raw data for this study comprised an Excel file extracted from the OSM system 
with all the original scores for the 2011 composition paper on Scale 1, 2, and 3. The 
data had been subdivided by the marking date, hour (with ‘1’ indicating the first hour of 
the day in which a marker marked scripts) and candidate number. A list of the fair 
averaged scores of each candidate was provided in a separate Excel file. The fair scores 
which corresponded to the original scores were then located for each hour of the 
markers’ marking. The fair scores given in each time slot were then averaged so that the 
markers’ leniency could be calculated. For each time slot, the leniency degree of a 
marker was: 

 
3 I would like to thank my colleague Dr. Eric Fung, who did the statistical analysis. 
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Leniency degree = Average of the raw marks – Average of the corresponding fair marks  
The hour of marking (i.e., hr. 1, 2, 3, etc.) was treated as an indicator of the degree of 
marker fatigue. This is not ideal, but is a convenient assumption in view of the difficulty 
of applying any independent fatigue measures. By calculating the leniency degree and 
fatigue degree values for a marker in different timeslots, one can examine whether there 
is any linear relationship between them. In view of the small number of markers 
involved, further sub-division of the data by marker ID was possible only for three of 
the markers, for whom sufficient hourly data were available. 

 
Findings 
For each scale, the summary statistics on leniency degree in different hours are provided 
in Appendix 1 (Scale 1), Appendix 2 (Scale 2) and Appendix 3 (Scale 3).  

 
The summary statistics and box plots (not provided) show that there are no major 
differences in leniency for different marking hours. In other words, there is no evidence 
to support the claim that, overall, there is a linear relationship between marker fatigue 
and leniency degree. This observation was further tested by carrying out a one-way 
analysis of variance (ANOVA), which was used to test whether there were any 
significant differences in the leniency degree means between different marking hours.   
 
As shown in the summary statistics tables (Table 1-3), the number of observations drops 
dramatically after marking hour 8. Because a small sample size can violate the basic 
assumptions for ANOVA, such as the normality assumption (which assumes that the 
leniency degree within each marking hour is approximately normally distributed), the 
data for marking hours above 8 were excluded from statistical testing. 
 
The results of the ANOVA for each scale are as follows: 
 
Table 1: ANOVA test results for Scale 1 

Sum of 
Squares df Mean Square F-statistics 

Significance 
level 

Between-Group .155 7 .022 .221 .980 

Within-Group 33.665 337 .100  
Total 33.820 344  

Table 2: ANOVA test results for Scale 2 
Sum of 
Squares df Mean Square F-statistics 

Significance 
level 

Between-Group .674 7 .096 1.144 .335 

Within-Group 28.389 337 .084  
Total 29.064 344  

Table 3: ANOVA test results for Scale 3 
Sum of 
Squares df Mean Square F-statistics 

Significance 
level 

Between-Group .694 7 .099 .880 .522 

Within-Group 37.969 337 .113  
Total 38.663 344  

The tables show that the significance levels are all greater than 0.05, which means that 
there are no statistically significant differences in terms of leniency degree between 
different marking hours for each of these three scales.  
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Differences between markers
The present study considered whether there is a relationship between leniency degree 
and fatigue degree for individual markers. Due to the small number of cases (scripts) 
being marked in some of the sessions, the focus was on the following three markers (of 
the 12 total) for whom there were sufficient data in each hour: Marker 010 (68 scripts), 
Marker 002 (33 scripts) and Marker 005 (29 scripts). 
 
There were no significance differences in marking on any of the scales for Marker 002 
and Marker 005. Marker 010, however, tended to give lower scores than the fair 
averaged score in Hour 2 and higher scores than the fair averaged score in Hour 4 on 
Scale 1 (Table 4). Marking on the other scales followed the expected pattern. 
 
Table 4 Marker 10 ANOVA 

Sum of 
Squares df 

Mean 
Square F Sig. 

Between Groups 1.443 3 .481 3.251 .030

Within Groups 6.955 47 .148  

Scale 1 
Leniency 
degree 

Total 8.399 50  

Since the significance level is 0.03, which is below 0.05, there is a statistically 
significant difference in the mean leniency degree between different marking hours. 
Gabriel's pair wise test was used to conduct post-hoc tests on the one-way ANOVA for 
Marker 10 (Table 5).   
 

Table 5 Marker 010 Multiple Comparisons 
95% Confidence 

Interval 
Dependent 
Variable 

(I) 
Hour 

(J) Hour 
Mean 

Differen
ce (I-J) 

Std. 
Error Sig. 

Lower 
Bound 

Upper 
Bound 

2 .185 .128 .624 -.17 .54
3 -.158 .157 .886 -.58 .27

1

4 -.317 .181 .371 -.80 .16
1 -.185 .128 .624 -.54 .17
3 -.343 .157 .171 -.77 .08

2

4 -.502 .181 .036 -.98 -.02
1 .158 .157 .886 -.27 .58
2 .343 .157 .171 -.08 .77

3

4 -.159 .203 .964 -.71 .39
1 .317 .181 .371 -.16 .80
2 .502 .181 .036 .02 .98

Scale 1 
Leniency 
degree 

Gabrie
l

4

3 .159 .203 .964 -.39 .71

We can see that significant differences can be found only between Hour 2 and Hour 4.  
It is difficult to interpret these data however without exploring in detail the marking 
behaviour in these hours (which is beyond the scope of this research). 
 
Overall, the current data set does not provide any evidence that marking reliability is 
affected by marking duration for the three markers for which adequate data are available. 
 
Conclusion 
This paper has focused on the interaction between marking duration and scores awarded. 
I am pleased to note that, for the paper under consideration, marking for extended 
periods does not seem to have influenced the reliability of marking. Markers may 
indeed suffer from fatigue but there is no evidence in these data of fatigue effects.
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Appendix  
Table 1: Summary statistics on leniency degree by different marking hours for Scale 1 

Marking   
Hour N Mean Median SD Minimum Maximum

25th 
Percentile

50th 
Percentile

75th 
Percentile

Hour 1 99 .09 .10 .315 -0.75 1.00 -.04 .10 .31 

Hour 2 95 .08 .07 .355 -0.80 1.50 -.17 .07 .27 

Hour 3 57 .09 .13 .284 -0.50 0.75 -.09 .13 .29 

Hour 4 36 .09 .09 .297 -0.50 0.80 -.08 .09 .25 

Hour 5 23 .08 .09 .298 -0.75 0.50 -.10 .09 .36 

Hour 6 16 .02 .00 .229 -0.38 0.33 -.14 .00 .26 

Hour 7 11 .01 .00 .336 -0.50 0.50 -.20 .00 .35 

Hour 8 8 .04 .04 .302 -0.30 0.63 -.25 .04 .21 

Hour 9 3 -.25 -.13 .696 -1.00 0.38 -1.00 -.13 . 

Hour 10 2 -.11 -.11 .734 -0.63 0.41 -.63 -.11 . 

Hour 11 3 .55 .50 .079 0.50 0.64 .50 .50 . 

Hour 12 2 -.12 -.12 .357 -0.38 0.13 -.38 -.12 . 

Table 2: Summary statistics on leniency degree by different marking hours for Scale 2 

Marking   
Hour N Mean Median SD Minimum Maximum

25th 
Percentile

50th 
Percentile

75th 
Percentile

Hour 1 99 -0.08  0.00  0.309  -1.00  0.50  -0.19  0.00  0.10  
Hour 2 95 -0.01  0.00  0.293  -1.00  1.00  -0.17  0.00  0.17  
Hour 3 57 -0.04  0.00  0.312  -1.00  0.65  -0.17  0.00  0.14  
Hour 4 36 -0.04  0.00  0.289  -0.75  0.50  -0.17  0.00  0.13  
Hour 5 23 -0.01  0.00  0.204  -0.46  0.40  -0.17  0.00  0.17  
Hour 6 16 0.06  0.06  0.281  -0.50  0.63  -0.11  0.06  0.28  
Hour 7 11 0.04  0.00  0.149  -0.14  0.31  -0.08  0.00  0.17  
Hour 8 8 0.13  0.12  0.201  -0.10  0.50  -0.06  0.12  0.26  
Hour 9 3 -0.05  -0.03  0.065  -0.13  0.00  -0.13  -0.03  . 
Hour 10 2 0.08  0.08  0.058  0.04  0.13  0.04  0.08  . 
Hour 11 3 -0.01  0.00  0.152  -0.17  0.14  -0.17  0.00  . 
Hour 12 2 -0.22  -0.22  0.038  -0.25  -0.20  -0.25  -0.22  . 

Table 3: Summary statistics on leniency degree by different marking hours for Scale 3 

Marking   
Hour N Mean Median SD Minimum Maximum

25th 
Percentile

50th 
Percentile

75th 
Percentile

Hour 1 99 -0.07 0.00 0.357 -1.50 0.57 -0.17 0.00 0.08 

Hour 2 95 0.03 0.00 0.364 -0.80 1.25 -0.17 0.00 0.20 

Hour 3 57 -0.05 -0.07 0.284 -1.00 0.67 -0.20 -0.07 0.11 

Hour 4 36 -0.04 -0.12 0.329 -1.00 0.58 -0.20 -0.12 0.16 

Hour 5 23 -0.03 -0.05 0.353 -0.75 0.90 -0.20 -0.05 0.20 

Hour 6 16 0.04 0.00 0.220 -0.28 0.50 -0.12 0.00 0.21 

Hour 7 11 0.00 0.00 0.269 -0.50 0.50 -0.17 0.00 0.08 

Hour 8 8 0.02 -0.08 0.268 -0.21 0.50 -0.19 -0.08 0.28 

Hour 9 3 0.01 0.00 0.266 -0.25 0.28 -0.25 0.00 . 

Hour 10 2 -0.12 -0.12 0.538 -0.50 0.26 -0.50 -0.12 . 

Hour 11 3 0.19 0.25 0.168 0.00 0.32 0.00 0.25 . 

Hour 12 2 -0.53 -0.53 0.315 -0.75 -0.30 -0.75 -0.53 . 


