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Abstract. Inspection-based evaluation methods predicting usability problems 
can be applied for evaluating products without involving users. A new method 
(named SEEM), inspired by Norman’s theory-of-action model [18] and 
Malone’s concepts of fun [15], is described for predicting usability and fun 
problems in children’s computer games. This paper describes a study to assess 
SEEM’s quality. The results show that the experts in the study predicted about 
76% of the problems found in a user test. The validity of SEEM is quite 
promising. Furthermore, the participating experts were able to apply the 
inspection-questions in an appropriate manner. Based on this first study ideas 
for improving the method are presented. 

1   Introduction 

1.1   Evaluation Approaches 

Evaluation plays a crucial role in user-centred design in general, and also in the 
development of computer games for children. Globally two types of evaluation 
approaches exist for assessing interactive products: empirical evaluation methods and 
predictive or analytical evaluation methods. The main advantage of applying 
empirical methods is that real users are likely to find real problems. Overall, the 
strengths of predictive methods are that they are cheap to apply and they can be 
applied more easily early in the design process when only prototypes of products exist 
[17]. We are developing a predictive method for assessing usability and fun of 
children’s computer games. This paper describes a study in which we assess the 
quality of the proposed method.  

1.2   Predicting Problems in Computer Games 

When developing games, the most important evaluation criterion is whether the game 
provides a fun experience. However, as indicated by Pagulayan et al. [19] usability 
should also be taken into account. They stated: ‘The ease of use of a game’s controls 
and interface is closely related to fun ratings for that game. Think of this factor as the 
gatekeeper on the fun of a game’. Thus, our predictive method should focus both on 
usability and fun. 

Some well-known and frequently used predictive evaluation methods, focusing on 
usability are the Cognitive Walkthrough, Heuristic Evaluation and Guideline-based 
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evaluation [6]. While the Cognitive Walkthrough is based on an underlying theory of 
exploratory learning, Heuristic Evaluation and Guideline-based evaluation are based 
on exploring an interface for breaches of design guidelines. Globally, these methods 
can be divided into two types of methods: the first group of types is based on 
underlying models of human behaviour (like the Cognitive Walkthrough) and the 
second group is based on collections of separate guidelines. 

Not many specific predictive evaluation methods exist for evaluating computer 
games. Some of the existing methods are heuristic-based and focus on computer 
games for adults [9]. Other heuristics have been specifically developed for children’s 
computer games, but are intended for design purposes, and not specifically for 
evaluating games [15]. Federoff [10] organized many of these existing guidelines. 
This set is quite large which is a disadvantage since the probability of conflicting 
statements increases with an increasing number of guidelines [16]. Another issue is 
that most guidelines are at a high level of abstraction, e.g. ‘get the player involved 
quickly and easily’, while others cover very specific design issues, e.g. ‘minimize 
control options’. This makes these guidelines hard to use for predicting problems. 

As far as we know, there are, to date, no existing predictive evaluation methods 
based on theory for the evaluation of (children’s) computer games. Considering the 
drawbacks of applying guideline-based methods, we decided to develop a predictive 
method for identifying problems in children’s computer games.  

1.3   Predictive Method 

First, a pilot study was executed to test the assumption that it is possible at all for 
adults to predict problems that children will encounter in computer games. Two 
adults, both with a good understanding of evaluation methods in general, (usability 
testing with) children and computer games, predicted problems in children’s computer 
games without the use of a standard predictive method. The results of this pilot study 
will not be discussed in detail in this paper; however they showed that it is indeed 
possible for adults to predict problems in computer games for children. Even without 
the use of a standard evaluation technique the evaluators predicted about 40% of the 
problems that children encountered during user tests of this game. 

In search of an appropriate theoretical basis for a predictive method, Norman’s 
theory-of-action [18] was selected. This general model allows a systematic analysis 
of user product interaction. The model has two main aspects: the first aspect is 
Execution that covers planning the actions, translating the plans into actions, and 
executing the actions on the product. The second aspect is Evaluation, which covers 
both perceiving and interpreting the feedback and evaluating the outcome of the 
previous actions on the product. The model has the assumption of goal-driven 
behaviour. Goal-driven behaviour is also applicable for both children and computer 
games. To play a game successfully children have to reach certain goals (e.g. to 
collect all the right tools from various parts in the game in order to free the 
princess). 

This model was employed for the construction of our predictive method, called 
Structured Expert Evaluation Method (SEEM). SEEM’s checklist consists of 
questions based on Norman’s stages complemented with questions based on the fun-
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related concepts from Malone [15], Challenge, Curiosity and Fantasy.1 The general 
predictive questions were divided in a) questions for each screen of a computer game 
and b) more global questions that should be answered after evaluating the game. The 
following questions have to be checked at all screens: 

1. Do children understand the goal? 
2. Do children know what to do in order to accomplish the goal? 
3. Are children able to perform the physical actions easily? 
4. Can children perceive the feedback? This includes feedback (if any) from both 

correct and wrong actions, and whether children can click to stop the feedback. 
5. Do children understand the feedback? This holds for both visual and auditory 

feedback from correct and wrong actions.  
6. Will children keep on going until they reach the goal? This includes whether 

children will like the sub game and if the level of difficulty is okay for young 
children.  

7. Are the navigation possibilities and the exits from a (sub) game clear? 
8. Are there other objects in the Game Interface that will cause problems? 

The global questions are: 

1 a. Is the challenge right for the target group? 
b. Is the curiosity of children stimulated? 
c. Are the story and the interface tuned to the fantasies of children? 

2 a. Is it clear whether a sub game is optional or obligatory? 
b. Does the flow of the game meet the expectations? Is the story line logical? 
c. Is it clear when a child should be either passive or active during the game?  

As preparation for applying these questions to predict problems in children’s 
computer games, a tutorial is provided. To get acquainted with the predictive method, 
the tutorial also provides many examples related to each of the predictive question.  

1.4   Assessing the Quality of SEEM 

To assess the quality of SEEM, two performance measures were used: thoroughness 
and validity [12] [7]. These measures were determined by having experts apply 
SEEM to evaluate two computer games. The resulting lists of problems were 
compared to the lists of problems obtained from User Tests (UT) of these games. 
Furthermore, the experts’ understanding of SEEM’s questions was examined by 
checking the appropriateness of the questions they used to identify problems. The 
problem predictions that did not match problems uncovered in UT were analyzed in 
detail. Based on these analyses suggestions for improvements of SEEM are made.  

2   Method 

2.1   Procedure 

The participants in this study were experienced in at least one of the following areas: 
children, usability and/or usability testing methods and computer games. Their 

                                                           
1  We have also used the combination of Norman’s model and Malone’s concepts of fun to 

structure design guidelines for children’s computer games [3]. 
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experience varied from 6 months to 20 years, with a mean of 4.4 years. In sum 10 
male and 8 female participants (from now on called experts) from 11 different 
companies participated in the study. The youngest expert was 25 years old; the oldest 
was just above 40 (mean age was 30.3 years).  

The experts evaluated two different Dutch computer games, ‘Milo and the magical 
stones’ [1] (from now on referred to as Milo) and ‘Roger Rabbit, Group 3: Fun in the 
Clouds’ [2] (from now on referred to as Roger). 

The experts read a written tutorial before the test took place. This tutorial contained 
SEEM’s questions with corresponding examples from other computer games, 
descriptions of the computer games to be evaluated and the procedure experts had to 
follow. During the first meetings with experts (in small groups at the same time) they 
received a short training with another computer game, in which two sub games had to 
be evaluated in the correct manner. The problems obtained from UT of these sub 
games were shown and discussed. The aim of the tutorial and training was to increase 
experts’ understanding of SEEM. Understanding of the method is important since 
analysts who do not understand an inspection method can readily both come up with 
many false positives and fail to predict problems [8].  

After this training, the actual evaluation started. The first game had to be evaluated 
for one hour. Evaluators were told to go at least once through the questions at each 
screen. After 55 minutes experts were asked to take a closer look at the global 
questions. Experts took a short break when they were finished analyzing and reporting 
problems that related to the two final questions. After the break experts were given 
the instruction to look specifically at predetermined sub games for a further 45 
minutes. These sub games were selected because about 50% or more of the children 
visited these screens during UT and these screens contained many uncovered 
problems. After 40 minutes experts once again were requested to focus on the two 
global questions.  

The order of the games was randomly determined. Experts took the second game 
home and evaluated it there. The instructions for the evaluation did not change.  

2.2   Problem Report 

For each predicted problem evaluators filled in an Interaction Problem Report (IPR). 
The format for IPR’s is based on Lavery et al. [14]. Experts had to fill in the screen 
number, the predictive question the problem referred to, a short problem description, 
expected causes of the problem and expected outcomes of the problem. By 
constraining experts to use this format, the comparison of their predictions to the 
problems uncovered by children became easier.  

3   Analysis of the Data 

3.1   Creating the Actual Problem Sets 

To determine the thoroughness and validity of SEEM, standard problem sets were 
needed for both computer games. UT was used to generate these touchstone sets of 
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usability problems [12]. For both computer games children participants played the 
game as they liked in sessions that lasted about 30 minutes.  

Twenty-six children participated in the UT of Milo, which makes it likely that 
almost all problems were detected because the total number of usability problems 
found levels off asymptotically as the number of participants increases [12]. Only 
seven children participated in the UT of Roger. All children were between 5 and 7 
years old. For information of the study set-up and data analysis see Barendregt et al. 
[4]. The data analysis resulted in a list of 86 actual problems for Milo, and a list of 39 
actual problems for Roger. 

3.2   Determining the Thoroughness 

The thoroughness of SEEM was assessed with the following formula [7]: 

Thoroughness =  hits          
  (hits + misses) 

(1) 

Hits are predictions matched to problems found in UT, and misses are problems 
found in UT that are not predicted. Two researchers judged whether a prediction from 
an expert matched with an actual problem (which made the problem prediction a hit). 
When they disagreed, they discussed the problem prediction until they both agreed 
whether it was a hit or not. The thoroughness of SEEM was compared to the 
thoroughness for another inspection method.  

3.3   Determining the Validity 

The validity of SEEM was determined with the following formula [7]: 

Validity =        hits    
                     (hits + false positives) 

(2) 

As stated before, hits are predictions from experts that are matched to actual 
problems from UT. False positives are predicted problems that do not occur in the 
actual problem set derived from UT. The validity of SEEM was compared to the 
scores of another existing method. 

3.4   Determining the Appropriateness of SEEM’s Questions 

As Cockton and Woolrych [8] stated: “For heuristics to be shown to have a role in 
problem discovery or analysis, appropriate heuristics must be associated with 
problems”. The same applies for the questions of SEEM. Therefore two evaluators 
checked the appropriateness of the questions that the experts had filled in on the IPR. 
The following categories were used: 

1. Correct use: when an expert used a correct question, or when the choice was not 
optimal, but this question was possible in relation to the problem 

2. Incorrect use: when experts did not fill in any question, or when they used a wrong 
question in relation to the problem.  
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4   Results 

4.1   Thoroughness 

Table 1 shows the thoroughness of SEEM. Thoroughness scores have a range from 0 
to 1, with an optimal value of 1.  

Table 1. Thoroughness of SEEM 

 Lowest score Highest score Median Mean Sum (n=18) 
SEEM Milo 0.08 0.29 0.15 0.17 0.77 
SEEM Roger 0.05 0.28 0.15 0.18 0.74 
SEEM 0.10 0.29 0.16 0.17 0.76 

The third row is not simply an average of the two computer games, e.g. the lowest 
score for SEEM is higher than the average of the two scores above. An explanation is 
that the expert with the lowest thoroughness at Milo compensated this with a higher 
thoroughness at Roger. The lowest scores are from different experts. The same goes 
for the other numbers. The sum shows that for the two computer games together about 
76% of the actual problems were predicted by experts while using SEEM. The sum is 
much higher than the individual scores from experts. Based on a study that compared 
three predictive evaluation methods, Sears [20] also concluded that the thoroughness 
increases as more evaluators participate. This is due to the increasing number of hits 
whereas the number of hits plus misses (the actual problem set) remains unchanged.  

These numbers can be compared to values from other studies to give a global 
impression of their quality. Cockton et al. [7] conducted a Heuristic Evaluation with 
many participants (31 analysts divided over 10 groups in the latest study compared to 
96 analysts divided over 16 groups in an earlier version of the study) to validate the 
DARe model. They compared the predictions from the Heuristic Evaluation with 
problems uncovered with UT. In the latest study 5 users were included in UT; in the 
earlier study 15 users were included. They found a thoroughness of 0.70 in the latest 
study; in the earlier study they found a thoroughness of 0.63. Compared to these 
thoroughness scores for a Heuristic Evaluation, the results from SEEM are promising.  

Apart from overall thoroughness, we determined separate thoroughness scores per 
severity category, similar to Hartson’s approach [12]. Frequency severity stands for 
the number of children that experience a problem, impact severity stands for the 
seriousness of the consequences a problem has for children [4]. Table 2 shows the 
thoroughness of the different severity categories.  

Table 2. Thoroughness of SEEM per severity category 

 Frequency severity Impact severity 
 High  Medium Low High Medium Low  
SEEM Milo  1 0.88 0.70 1 0.94 0.70 
SEEM Roger  1 1 0.70 0.80 0.78 0.72 
SEEM 1 0.90 0.70 0.91 0.88 0.71 
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Striking is that for both computer games none of the high frequency severity 
problems were missed. The two medium frequency severity problems that were not 
predicted both have a low impact severity.  

Experts failed to predict only one high impact severity problem, however only one 
child found this problem. In Milo one medium impact severity problem was not 
predicted, however only one child out of 26 found this problem. The two problems 
with medium impact severity from Roger also have a low frequency severity; only 
one child found them. Besides this, these problems were very detailed and therefore 
hard to predict. So by far most misses have a low frequency or impact severity.  

Separate thoroughness scores per question were determined to examine SEEM’s 
quality in more detail. All problems uncovered with UT were distributed over the 
different predictive questions. Table 3 shows the thoroughness scores only for the 
predictive questions which had related misses.  

Table 3. Thoroughness of SEEM per predictive question 

  1 Goal 2 Translation 3 Physical actions 5 Understanding 
feedback 

8 Other 

SEEM Milo 0.88 0.80 1 0.38 0.78 
SEEM Roger 1 0.56 0.80 0.67 -    * 
SEEM 0.92 0.74 0.83 0.47 0.78 

*  Because there were no actual problems for this category, no thoroughness score could be 
determined.  

Only a few problems regarding the Goal, Translation, Physical Actions, and Other 
(they were all technical problems) were not predicted by SEEM. The number of 
misses regarding Understanding Feedback is relatively high. Zapf et al. [21] 
investigated the error detection of computer users using word processing. They also 
found that errors in the feedback phase were particularly hard to detect for users. A 
possible explanation is that experts experienced a problem but did not realize it. Only 
when a person really knows a computer game very well, it is possible to predict 
whether someone else will see and understand the feedback.  

4.2   Validity 

Table 4 shows the validity of SEEM, the validity scores range from 0 to 1 with 1 
being the optimal score. 

Table 4. Validity of SEEM 

 Lowest score Highest score Median Mean Sum (n=18) 
SEEM Milo 0.54 0.90 0.71 0.69 0.47 
SEEM Roger 0.15 0.63 0.39 0.37 0.19 
SEEM 0.34 0.66 0.57 0.53 0.33 
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The validity of SEEM for Roger is much lower than the validity for Milo. This is 
due to the number of false positives; for Roger this number (124) is much higher than 
the number for Milo (73). This can be partly explained because it is likely that the 
problem set of Roger is not complete yet, since only 7 children participated in the UT. 
Kanis and Arisz [13] show that it is possible to calculate how many participants 
should be included in a test to be able to detect 80% of all usability problems. It 
turned out that UT for Roger should have been done with 11 children (instead of 7), 
and then the number of uncovered problems would have been 61 (instead of 39).    

The validity decreases (but not as much as the thoroughness increases) as the 
number of experts increases. This means that in terms of percentage the number of 
false positives increases faster than the number of hits. This is in line with Sears’ 
findings [20].  

Compared to values from other studies SEEM’s scores are still promising. Cockton 
et al. [7] found a validity of 0.31 for the Heuristic Evaluation, which in a later version 
increased to 0.50. This means that SEEM scores about equally good as their first 
version, but improvements are still desirable.  

4.3   Appropriateness of SEEM’s Questions 

Table 5 shows the numbers and percentages of both the correctly and incorrectly 
applied questions.   

Table 5. SEEM’s (in-)correctly applied questions by experts  

 Correct  Incorrect  
 Number Percentage Number Percentage 
SEEM Milo 203  75.2 67 24.8 
SEEM Roger 86  70.5 36 29.5 
SEEM   289  73.7 103 26.3 

 

The results show that almost 74% of the problems were related to a correct 
question. Cockton et al. [7] found percentages of 31% and 57% in their experiments 
with the Heuristic Evaluation, meaning that the appropriate application of SEEM’s 
questions is very good. 

5   Improving SEEM 

5.1   Increasing the Thoroughness 

Although the thoroughness is quite high, there were quite a few misses. A possible 
explanation for not predicting some of the actual problems is that the experts did 
encounter some problems but they did not write them down. It is possible that this 
happened because the experts realized faster than children what went wrong and what 
they were supposed to do. This hypothesis was confirmed by observing some experts 
during their evaluations and by statements from experts made after the evaluation. By 
stressing the importance of immediately writing down the problem predictions and by 
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urging experts to constantly imagine how children would use the game; the number of 
missed problems due to not writing them down could be decreased. 

5.2   Increasing the Validity 

The results show that validity is somewhat disappointing. This is due to the many 
false positives predicted by the experts. This number is relatively high and should 
decrease. Probable causes for the list of false positives were determined to see how 
SEEM could be improved. Two possible causes were frequently found:  

1. Under- or overestimation of children. Many experts made wrong assumptions about 
the (cognitive) level of understanding from children. 

2. Incorrect assumptions about the game. Most of these predictions occurred because 
there are multiple solutions to reach a sub goal in the games. For example it is 
almost never necessary to click at exactly one small hotspot; clicking beside the 
hotspot will also make the feature work. It is possible that experts did not realize 
this and therefore still reported this as a problem.   

To decrease the number of false positives caused by incorrect assumptions of the 
game a suggestion is to make sure that experts evaluate sub games more than once. 
That way it is possible for experts to try more things in the game and get to know the 
game better. This could also decrease the relatively high number of Understanding 
Feedback problems. Giving experts more specific information about children and 
their cognitive level of understanding could decrease the number of false positives 
caused by over- or underestimating children.   

Finally, the questions were analyzed and some of them were changed. Some 
problem predictions were described at such a high level that it was hard to judge their 
realness. An example is: ‘The flow of the game is not logical’ with no further 
information given. Problem predictions that were too general were mainly due to the 
format of the global questions. It would be better to let experts have a look at these 
aspects (if still necessary) at each screen to make it possible to write down detailed 
and complete problem predictions. Furthermore, questions that were often used in the 
wrong manner or that generated many false positives had to be changed. Based on 
these considerations and comments from the experts, the new questions are the 
following:  

1. Goal: Can children perceive the goal? Do children understand the goal? Do children 
think the goal is fun? 

2. Planning and translation into actions: Can children perceive and understand the 
actions they have to execute in order to reach the goal? Do children think the 
actions they have to execute in order to reach are fun? 

3. Physical actions: Are children able to perform the physical actions easily? 
4. Feedback (after correct and wrong actions): Is the feedback (if any) perceivable? 

Do children understand the feedback? Is the feedback motivating? 
5. Continuation: Is the goal getting closer fast enough? Is the reward in line with the 

effort children have to do in order to reach the goal? 
6. Navigation: Are the navigation possibilities and the exits from a (sub) game clear? 
7. Are there other (e.g. technical) problems? 

These new questions will be tested in a follow-up study.  
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6   Discussion 

6.1   Generalizability 

To increase the generalizability of our results experts had to evaluate two computer 
games. Although both games are adventures, one (Roger) focuses more on education 
than the other (Milo). Together they cover a wide range of activities that are often 
presented in adventure games for children, like motor skill games and cognitive 
challenges. Therefore the combination of these two games is a good representative of 
the genre. The results on thoroughness, validity and the understanding of SEEM show 
similar trends for the two games. Thus, SEEM is likely to perform similarly for other 
computer games as well. 

6.2   Comparing Evaluation Methods 

There are several issues related to conducting quality assessments of evaluation 
methods, among other things the number of experts participating in the study and the 
assumption that UT uncovers all actual problems. The large number of experts may 
have influenced the validity and thoroughness scores of SEEM. If every subsequent 
expert finds relatively more false positives than extra hits, then the validity score will 
decrease with more experts. In contrast, the thoroughness score is likely to increase 
with more experts, since the number of hits is likely to increase. This is one of the 
reasons why it is difficult to compare validity and thoroughness scores of different 
predictive evaluation methods when the studies are conducted with different numbers 
of experts. Therefore, SEEM’s quality scores were compared to those of the Heuristic 
Evaluation as determined by Cockton et al. [7]. This has been done because our 
assessment approach is similar to theirs in terms of judging the realness of problems, 
the definition of the quality criteria and the number of experts (in their study groups).  

We applied a similar approach as used by Hartson [12] and Cockton et al. [7] to 
assess the quality of SEEM. This assessment approach assumes that UT is capable of 
finding all problems in a game. However, various researchers have argued that 
predictive methods can predict actual problems not found in UT. As Gray and 
Salzman [11] already stated: ‘It is a sure bet that no usability evaluation method (both 
empirical and analytical) is perfect; any method will detect some problems while 
missing others’. Nielsen [17] argues that predictions not found in UT were not false 
positives for the Heuristic Evaluation but were due to the characteristics of the users 
who were involved in UT. Finally, Chattratichart and Brody [5] introduce the term 
false negatives to describe the real problems uncovered by a predictive method, which 
are not uncovered by the UT. Thus, SEEM may have been able to uncover additional 
real problems that were not uncovered by UT. An example of such a problem is the 
following: in Milo children have to click at two crabs that make the same sound. 
However, these crabs walk around and all look alike, so it is impossible to follow any 
tactic. Children just clicked the crabs randomly until they clicked the right ones. The 
experts predicted that it would be more fun when children could use a tactic to solve 
this sub game. However, none of the children explicitly indicated this. Thus, while 
this problem was not found in UT, it could very well be true.  
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Because the validity measure is based on all false positives including those that 
may be real problems, it is a conservative estimate of SEEM’s validity. To investigate 
this effect, we re-analysed the set of false positives. Two researchers independently 
determined whether a false positive was a true false positive or a false negative. Of 
the 73 false positives for Milo 45 were judged to be false negatives, and 77 of the 124 
false positives were judged to be false negatives for Roger. As a consequence the 
validity score of SEEM would increase because the number of false positives would 
decrease.   

6.3   Number of Experts 

In this study many more experts were involved than e.g. the 5 that are normally 
advised for conducting a Heuristic Evaluation [17]. This was done because the aim 
was to test and further develop SEEM, and not to test the computer games. Another 
reason for including a large number of experts in this study was to decrease the 
influence of experts performing either very well or very poorly. 

6.4   Type and Amount of Expertise 

Nielsen [17] states that usability specialists were better than non-specialists at 
performing a Heuristic Evaluation. Nielsen distinguishes three levels of expertise; 
novice, single expert or double expert. In our study none of the participants can be 
determined as novice. All the 18 experts in this study were experienced in at least one 
of the following areas: children, usability and/or usability testing methods and 
computer games. A preliminary analysis of the results in relation to the expertise 
gives the impression that the scores for thoroughness and validity do not differ much 
as the expertise increases. A possible explanation could be that the experts do not 
differ greatly in their level of expertise and therefore there are no clearly marked 
differences in thoroughness and validity.  

However, none of the experts can be categorized as novices. It is possible that the 
promising results of SEEM are only practicable with experts and not with novices. 
The differences between experts and novices regarding the thoroughness, validity and 
appropriateness of SEEM’s questions will be investigated further in a follow-up study 
with novices.   

7   Conclusion 

The study shows that SEEM predicts actual problems quite well, the thoroughness of 
SEEM is 0.76. The problems from UT that are not predicted by experts can mainly be 
assigned to the Understanding Feedback question. Only very few severe problems 
from UT were not predicted by experts while using SEEM. Unfortunately the number 
of false positives is also rather high, resulting in a fairly low validity. The results 
show that experts understood SEEM quite well; almost 74% of the problem 
predictions were correctly related to a predictive question. Based on the analyses of 
the missed problems, the appropriateness of the questions, the causes of the false 
positives, and the useful comments from experts, the method was improved. Because 
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the findings are very promising, we intend to conduct another study to evaluate the 
quality of the new version of SEEM.  
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