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Abstract 
It is generally assumed that grading of an exam has direct relation to the competence of the student. 
That means that a grading is a reliable and valid measurement of what the student has learned in the 
subject, in other words: To what degree has the student reached the learning goals? However, is it 
always true that a grading is a reliable and valid measurement? Based on a statistical analysis of oral 
exams of +700 second-year bachelor students in the science subject ‘Business Development with In- 
formation Systems’ – a IS introductory course with a rather traditional curriculum – we claim that the 
grades can be explained by group size, examiner, placement of the exam, etc., in addition to the compe-
tence of the students. 
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1 Introduction and earlier research 
Discussions on the quality of grades within test and examination systems are an ongoing theme among 
professors in academia (Newton & Meadows, 2011) but also among students, especially in more quali-
tative-oriented subjects (such as the one in question here) and where there is a group of examiners as 
well as a group of teachers. 
This research was mainly inspired by three observations: Firstly, there is an ongoing pressure through 
the chain of command in universities (from parliament, ministries, rector and deans of education to study 
boards) to focus on quality and resource management in teaching. Exams are mainly seen as an expense 
and should be as effective as possible and with no errors. Secondly, we have been confronted with 
students complaining that grades are either not given in a fairly manner or that the grades are de- pendent 
on which examiner (or even external examiner/co-examiner) they will meet at the exam or claims that 
when the oral exam is placed close to two large written exams due in the same month this leads to lower 
marks.. To address the issues above, the management team of the subject each year produces a compre-
hensive descriptive analysis of the exams and discusses these in the forum of teachers, including teach-
ing assistants. In the spring 2018, the team decided to perform a more in-depth analysis based on the 
third observation regarding suspicion of contextual impact on the grading procedure. 
Earlier research suggests that the gender of examiners influence their marking of exams, but concludes 
that sex and gender bias in grading is unlikely to be found to an extent where it influences grades 
(Greatorex & Bell, 2004). Other researchers have found that factors such as the composition of the test 
(e.g., choice of the items included in the test), behaviour of the students (their concentration, attitude, 
health, etc.) or scoring factors (Meadows & Billington, 2005), where Harper (1967) warns against con-
fusion examiner reliability and examination reliability.  
Sadler (2009) reports random errors, bias, contamination of the object to be graded and inappropriate 
grading principles as four major threats to grade integrity. In our context, random errors are the most 
interesting, since these have their origin in the instrumentation used, in human observers, or in external 
physical or other conditions that prevail at the time of measurement. As stated by Sadler (2009;p. 812) 
‘Teacher sources include poor sampling of course content, ambiguous task specifications, fatigue and 
marking against tight deadlines. Institutional variables include external distractions or failures in admin-
istrative or service systems’. 
So what makes marking reliable (Baird, Greatorex, & Bell, 2004) and what factors should we be aware 
of when designing exams, especially in the present context of larger project or essay-based exams with 
many students? An example on how judging (which is related to grading) can be affected by contextual 
factors that should not influenced the decision, can be seen in the example from Israel where Danziger, 
Levav, and Avnaim-Pesso (2011) report that the decision of providing a parole to a prisoner was highly 
dependent on the time of the day where the case was presented case for the parole board. The earlier in 
the day, the higher the chance of a parole – and no paroles just before lunch! They pose the following 
question, “Are judicial rulings based solely on laws and facts? Legal formalism holds that judges apply 
legal reasons to the facts of a case in a rational, mechanical, and deliberative manner. In contrast, legal 
realists argue that the rational application of legal reasons does not sufficiently explain the decisions of 
judges and that psychological, political, and social factors influence judicial rulings”. 
Classical test theory states that X=T+E where X is the observed score (the grade), T is the true score 
(measurement without any error) and E is the error score (the influence on the measurement) (Meadows 
& Billington, 2005;p4).  
In order to identify and discuss factors of bias in an exam related to other than the classical factors, such 
as students’ behaviour, variances among internal and external examiners, we have collected marks from 
625 individual oral exams based on 141 group assignments collected over a period of 20 days by nine 
examiners. Statistical investigations may not be of much help in identifying cause; how- ever, they may 
indicate the presence and likely extent of error or bias (Sadler, 2009).   
This leads to the following research question to be addressed in this paper:  
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Does a grade depends solely on competences of the student? 
What types of random errors or examination bias can be identified in the present type of exam? 
 
The remainder of this paper is organized as follows: The next section presents the research setting by 
introducing the context of the study and the research method including data collection and analytical 
approach. The paper continues with a section presenting the empirical data, followed by an analysis of 
the impact of the different factors. The paper ends with the concluding remarks, reflections and sugges-
tions for further research as well as thought for practice. 

2 Research Setting and Research Method 
This section accounts for the research setting by explaining the structure and related exams of the course 
Business Development with IS and explaining how the research was done. 

2.1 The Setting 
Aarhus School of Business and Social Sciences is one out of four faculties at Aarhus University, a top 
100 classical university (ref) and the largest in Denmark with +40,000 students. The author of the pa- 
per is responsible for an introductory course in IS (“Business Development with IS”) at third semester 
at the Bachelor in Business program – a five ECTS course consisting of two lecture lessons per week 
for ten weeks and two tutorial lessons per week, also for ten weeks. Professors provide lecture lessons 
(100-300 students in each of the three lecture groups: +650 in total). Tutorials consist of classroom- 
based discussions and problem-solving exercises in support of the lecture series. Student teaching assis-
tants (STA’s) in classes of around twenty-five students teach the tutorials. Each STA is responsible for 
two tutorial groups. The final exam is based on a prescribed group assignment, which is written in groups 
of five students during the semester and followed by an individual oral exam lasting twenty minutes. 
The individual examination takes its offset in a short presentation of the group assignment, followed by 
a brief discussion and a question randomly selected from a pool of thirty standard questions from the 
curriculum prepared by the lectures. 
 

 
Figure 1: Overview of the subject ‘Business Development with IS’ 

Exams are scored by an internal examiner (e.g. a professor) and an external examiner appointed by the 
ministry of research and education (e.g. a professor from another university or a practitioner from out-
side the universities). Two weeks before the exams, internal and external examiners are provided with 
a folder containing a guidance on how to evaluate the exams, thirty questions and possible answers. 
The fifteen student teaching assistants meet weekly with senior staff. The objective of the meeting is to 
prepare and discuss the following week’s teaching of the tutorial classes. Discussions consider course 
content and approaches to teaching. STA’s are asked to prepare teaching plans and exercises based on 
the course plan. Feedback is given to teaching plans and exercises alike. The weekly meetings are part 
of a formalized course structure, which also includes a joint introductory meeting before the semester, 
mid-semester meetings and a post-semester evaluation meeting. A very experienced STA teaches a two-

 Introduction, strategy and alignment Strategy, alignment, PM and BPM Applications & sourcing Evaluation
Week 36 37 38 39 40 41 42 43 44 45 46 47 48 49 1 2 3 4
Lecture 1 2 3 4 5 6 7 8 9 10
Tutorial 1 2 3 4 5 6 7 8 9 10
Workshops A B
Project
Oral Exam
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day course covering the technical aspects of the course. Furthermore, experienced STA’s give presen-
tations in order to inspire new STA’s (Agerdal-Hjermind, Johansen, Clausen, & Schlichter, 2011). 
The students have two major written exams (in other subjects) in January and the present oral exam. 
The oral exams are evenly distributed over the last three weeks of January in thirty exam groups. On 
days where more than one examiner/external examiner are active they all meet at noon to share a lunch 
and evaluate. 

2.2 Method 
A student assistant coded all exams based on the exam protocols (automatically extracted from the uni-
versity exam handling system WiseFlow, enriched with contextual information. Coding was done in 
Excel. Codes are shown in table 1 below: 
 
 

Variable Values / Codes 
Student id 1-625 
Mark -3,00,02,4,7,10,12 (corresponding to F-,F,E,D,C,B,A) [-3 and 

00 /F- and F are failure marks, not passing] 
Program HA / BScB (Same course but taught in Danish / English, re-

spectively) 
Internal examiner 1-9 
External examiner 1-10 
Lecture group 1,2 
Tutorial group 1-19,1-5 BScB, 45-SUPL, 45-TOP, 46 SUPL, 6-MMC 
Group number 1-141 
Exam order in group: 1-5 1-5 
Exam order on exam day (group and student) 1-5 / 1-24 

 
Table 1: Codes 

For analyzing data the statistical software SAS 9.4 and SAS JMP13 has been applied using descriptive 
statistics, Two-way ANOVA and multiple regression. The analysis had an explorative approach taking 
its point of departure in the suspicion of different contextual bias as explained in the introduction of the 
paper. 
The analysis was done in two parts. Firstly, we looked into the average (n=141) of individual grades in 
a group and tried to explain the individual mark based on internal examiner, external examiner, program 
(HA/BScB) and group size. 
Secondly, the individual mark (n=625) was explained based on the average of the other group members, 
the exam order in the group and on the day and the exam was placed relative to the lunch break of the 
internal and external examiners. 
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3 Analysis 
The distribution of the grades is given below. The average is 7.3 and the standard deviation is 3.6 

 
Figure 2 Grade distribution 

Initially, we can look into the level and into the differences in the averages for and across internal and 
external examiners. 
 

 
Table 3: Grades by examiners 

Significant differences are found: Examiner1 grades lower than Examiner8. Applying a two-way 
ANOVA model 10.2% of the total variation in grades can be explained by the internal and the external 
examiner (table 3). The reason could of course be that Examiner1 is a hardliner though we have to 
consider several aspects before we rush to a conclusion. 
The exam is to some extent a group exam: some students have chosen each other for good or for worse 
(they can have been forced into a group). The quality of the process will influence on the competences 
of the students and to some extent the grading might be influenced by the quality of the project. 
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The quality of the groups might vary over the classes to which they belong and their performance might 
depend on which day of the week the examination is placed. 
 
This means that the internal and external examiners could face a slightly smaller variation over groups 
than would be expected when applying pure randomness. For documentation it can be shown that the 
estimate of the variance applying a within-groups approach is 7.8, whereas the estimate of the variance 
applying a between-groups approach is as large as 29.5. 
 
In order to test for differences, we need to discuss whether we have 625 observations (number of stu-
dents), 141 observations (number of projects) or a number in between? In order to be fair to the exam-
iners, we will start by analyzing the variation in the group averages (Grade_m). 
 

The average for the 141 projects is 7.21, which is a slightly lower than 
7.3 because small sized groups do not perform as well as larger groups. 
The standard deviation is 2.61, which is a larger number for groups of 
2-5 students than could be expected because we have a somewhat larger 
variation between groups than in within between groups. 

Table 4: Project average 

In order to explain the variation between the 141 group grades, a regression model is applied. One could 
argue that none of the variables available should contribute significantly having a homogeneous class, 
exam days, examiners, etc. even though data tell us otherwise: 

  
Table 5: Parameter estimates 

 
The most significant finding seems to be G_Size3, which indicates that the ten groups consisting of 
three persons and the one group consisting of only two persons score 3.1 GPA lower than the other 
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groups. One reason for this finding could be that a small sized group is a proxy for either left-overs in 
the class or drop-outs due to disputes regarding the project (table 5). 
 
Class10 (a Danish-speaking class) also has a significantly lower performance. Among the English- 
speaking classes we have a very large varation. In general they do not perform as well as the Danish- 
speaking class (Bscb=-1.6). 
 
Controlling for various aspects available, i.e. group size, time of the day, class number, programme, we 
still find that some examiners differ. 
 
Time of the day will be examined at the individual level below, though we find a weak tendency of 
lower grading (Late=-0.5) when the first member of the group is examined later than number 13 on the 
day. 
 
There is no indication (Time_pr) of lower grading for those who have been examined close to a date of 
another exam. 
 
Turning to the individual grading, some variables are added to the model. How do the other group 
members perform? How did the student just before oneself perform? Do we find fluctuations during the 
day, especially around lunch? How do very long hours influence the grading, etc.? 
 
Some variables are excluded due to the fact that the average grade for the other group members to a 
large extent cover these aspects: 



Schlichter & Andersen /Bias in grading of exams 

 
 
The 12th Mediterranean Conference on Information Systems (MCIS), Corfu, Greece, 2018 8 

 
 

  
Table 6: Parameter estimates B 

 
We find a very large number of the added variables such as dayordert to have no significant impact on 
the mark and the model has been reduced to the following steps: (table 7). 
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Table 7: Reduced model 

 
In the above output we find that the average of the other group members (Mark_ot) has the outmost 
impact. To some extent, we also see an influence of the mark obtained in the previous exam (if first in 
the morning then Laggrade is set to the overall average). The lunch break has no significant impact on 

the mark although GPA is 0.95 point higher just before 
lunch) (table 7). 
We still have the same findings for examinator1 and for the 
two. The effect of examinator2 and 8 has vanished. The 
reason is most likely that both of the examinators have had 
some very homogeous groups all scoring low and scoring 
high respectively, which will implicated that Mark_will take 
over the explanation. 
For the internal order there is no straightforward explanation. 
In order to give it a try, a regression analysis was run without 
the internal order of the students and the residual were 
scrutinized. 
It seems that the internal number two in a group has been 
downgraded and that number one in the small groups (group 
size below four people) and the number three of 5- member 
groups have been upgraded (table 8). 
 

Table 8: Internal order in groups 
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4 Conclusion and reflections 
This paper addresses problematic bias in oral exams based on reports done in groups. This section pre-
sents the concluding remarks, reflections and suggestions for further research as well as thoughts for 
practice. Five major observations from the analysis can be brought forward: 
 
(A) Variation among graders (examiners and co-examiner) 
10.2% of the total variation in marks can be explained by the examiners’ influence. When we adjust the 
marks with respect to the occurrence of an over-representation of low-performing groups examined by 
a specific examiner, the bias minimizes but is still significant up to 0.5 GPA. The fact that students are 
examined orally with offset in a report done in groups mainly composed by themselves re- port can lead 
to auto-regressing leading to overestimation of differences. 
 
(B) Variation between group sizes 
Groups of three students have an average mark 3 GPA’s lower than groups of four students (very sig-
nificant) and groups with five students have an average mark of 0.5 GPA’s higher than groups of four. 
The effect of other group members’ grades was expected and should be an argument in order to have 
students understand the importance and the added value of joint work. The proxy behind the group size 
variable could to some extent be handled by allowing for groups across classes. Explanations could be 
that smaller groups are either residual groups put together after the skilful students have formed five-
person groups or groups where members have left due to diverse problems. 
 
(C) Order of examination 
It is both very interesting and worrying that the internal number two student is downgraded by one half 
GPA and that the last in a group of five is upgraded by one half GPA. It seems that the internal number 
two in a group has been downgraded, and that the number one in the small groups (group size below 4) 
as well as number three of the five-member groups have been upgraded. 
It is also significant that grading of a student is partly dependent on how the student just before was 
graded. 
 
(D) Time of day 
Group-wise the data reveals that the average mark of the last group of an exam day is 0.5 GPA lower 
than expected. Could it be that the examiners are getting tired? Maybe this effect can be handed by a 
small break and some good cake. 
It is also disturbing that the last student before and the first after the lunch break receive a mark 2.0 
GPA’s higher than expected. Why do we tend to upgrade just before lunch? Should we serve a small 
meal or a little snack after each examination? 
 
 (E) Other 
The effect from the class and the line of study (DK/UK) is expected. 
For the final conclusion, we dare to state that a mark depends not only on the competences of the student 
and that variation among examiners, group size, order of examination and time of day are examples of 
random errors of examination in the present exam. 
 
In general, we can confirm that the contextual bias and random errors exist when grading in the present 
subject Business Development with IS. The paper contributes to theory by identifying new types of 
examination bias (Baird, Greatorex, & Bell, 2004) and to practice by informing the on-going discourse 
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among teachers and examiners on how to assure a fair grading. The specific findings (the concrete ex-
amples are given below) can – and will – be addressed by the course coordinator in an effort to minimize 
bias and errors. 

5 Limitations and further research 
We are aware of a set of limitations and weakness in the present paper that will be addressed in its future 
development.  
Even though the findings as such are quite significant the paper reports from a single case study. It could 
be beneficial to do at least two types of follow studies: The first would be to do a similar study in another 
exam setting (another subject with a similar exam format) to challenge – or broaden – the examination 
bias’s identified. The second would be to do a follow up study of the same exam in the following year 
to see if the findings are stable. The later could problematic since it will be difficult to separate the 
influence from the present paper (practical implications and related corrective actions)  
Another avenue of further research is to extend the literature study to achieve a better understanding of 
examination bias and hence to be able to explain some of the findings. 
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