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Abstract. Heuristic evaluation is generally considered as an adequate method to 

perform formative usability evaluation as it helps identify potential problems 

from early stages of development and may provide useful results even with a 

relatively low investment. In particular, the method has been adapted and used 

to evaluate visualization applications. This paper presents an exploratory study 

aimed at better understanding the capacity of heuristic evaluation to predict the 

issues experienced by users when using a visualization application and how to 

assess it. The main usability potential problems pointed out in a visualization 

application by 20 evaluators using heuristic evaluation are compared with the 

problems reported for the same application by 44 users.   
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1 Introduction 

Heuristic evaluation is a well-known discount usability inspection method that has 

been widely used by Human-Computer Interaction practitioners for years [1]. It is 

considered adequate to perform formative evaluation as it helps identify potential 

problems and improve the application before giving it to users. It is applicable 

throughout the whole development cycle and is considered as generally providing 

useful results with a relatively low investment, albeit often finding too specific and 

low-priority usability problems. This evaluation method has been adapted to evaluate 

visualization applications [2], namely by developing visualization-specific sets of 

heuristics (e.g. [3,4,5,6,7]). However, the capacity of heuristic evaluation to predict 

the issues later experienced by users, when using a visualization application, is yet to 

be assessed. In our previous work [8], we also suggest that heuristic evaluation is 

useful to evaluate Visualization applications, since it fosters a more systematic 

inspection of the relevant aspects of the application’s user interface. Following on 

those results, we now aim to assess the predictive capacity of the method, by checking 

if the potential problems identified through heuristic evaluation, for a visualization 

application, match those experienced by its users. This paper presents a user study 

performed to compare the potential usability issues identified through heuristic 
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evaluation with the difficulties felt by users while using a specific visualization 

application. In the context of our research, this worked as a first instantiation of a 

method that, we argue, might be used to compare different sets of heuristics in 

specific contexts.   

The remainder of the paper is organized as follows: section 2 addresses the usage of 

heuristic evaluation in visualization. The materials and methods used in the study are 

presented in section 3, namely its design, the visualization application used, the main 

potential usability issues found using heuristic evaluation, the tasks performed by the 

participants and the questionnaire developed. Section 4 presents and discusses the 

main results obtained from the answers of 44 participants compared with the potential 

problems pointed out by 20 evaluators through heuristic evaluation. Finally, in section 

5 some conclusions and potential avenues for future work are drawn. 

2 Heuristic Evaluation in Visualization 

Several authors have emphasized the relevance of using heuristic evaluation in 

Information Visualization evaluation, either in research or along the development of 

visualization applications. Tory and Möller [9,10] consider using heuristic evaluation 

a valuable means to evaluate visualization techniques during exploratory phases of 

research when goals are not yet clear and formal laboratory user studies may be 

premature. Moreover, these formal studies may have too high a cost for early phases 

of the development cycle [12,13] and in this case heuristic evaluation may be more 

suitable. According to Munzner [13,14], heuristic evaluation is an adequate evaluation 

method to be used at the visual encoding/interaction design level of her model for the 

visualization design and validation process. This author considers heuristic evaluation 

as a way to systematically assess that specific guidelines are not violated by the 

design, as well as to help fixing usability problems, ensuring that the design 

effectively communicates the desired abstraction to the user. Sedlmair et al. [15] have 

used heuristic evaluation during the development of information visualization tools in 

the context of large companies, and report that it helped sparing experts’ time. Lam et 

al. [16] propose seven evaluation scenarios to help visualization researchers and 

practitioners decide upon evaluation approaches, with heuristic evaluation being 

included in the list of methods that can be used in Collaborative Data Analysis. 

Nonetheless, we argue that its applicability should not be restricted to such a specific 

scenario. In an early work, Freitas et al. [17] used two sets of criteria to evaluate 

‘visual representations’ and ‘interaction mechanisms’ to find potential usability 

problems. Later on, several visualization-specific heuristics sets have been proposed 

to be used in the scope of heuristic evaluation of Visualization techniques and 

applications (e.g. [4,6,7]). In a more recent work, Freitas et al. [18] address the 

evolution of visualization techniques evaluation, review main contributions in this 

area, identify problems and propose a set of guidelines for user-centered evaluation of 

information visualization techniques. One of these guidelines is “Guideline#4: 

Evaluating early” and, according to the authors, expert-based evaluation methods, as 



well as other analytic methods, are useful to identify and help fixing basic usability 

issues before entailing a more complex evaluation phase, namely involving users. 

On the use of inspection evaluation methods and empirical methods, Hollingsed and 

Novick [19], based on an overview of usability evaluation methods, suggest that 

empirical and inspection methods should, somehow, be unified, by combining their 

multiple perspectives. This requires an understanding on how different methods relate 

in their ability to detect usability issues. Naturally, different methods will provide 

different (possibly overlapping) ranges of results, at different costs, and one important 

goal is to determine the boundaries of such overlap. Based on those findings, we can 

more precisely define what to expect from each method or redesign less expensive 

methods, such as heuristic evaluation, to provide the best possible approximation to 

more complex methods such as user studies. Additionally, in the long run, it might 

also help us to establish what kind and optimal amount of each evaluation method 

should be considered at each phase, properly balancing cost and maximizing results. 

Therefore, the reviewed literature elicits the proposal of a systematic approach that 

fosters additional insight over: (1) the advantages of using heuristic evaluation in 

Information Visualization contexts; (2) the predictive value of heuristic evaluation in 

the context of Information Visualization, when compared with empirical evaluation; 

and, to address the previous point, (3) how to establish a relation between the 

outcomes of inspection and empirical methods. Motivated by these aspects, our 

previous work [8] discussed the advantages of heuristic evaluation in Information 

Visualization and in the present work we consider the predictive value of a heuristic 

evaluation by assessing if its outcomes actually translate into problems felt during a 

user study in a specific setting.  

In this context, we should highlight the work by Hearst et al. [20] discussing the 

subject of evaluating the relation between the outcomes of heuristic evaluations and 

the problems felt by users in the context of Information Visualization.  

Their work shares several aspects with our own, in terms of general methodology, by 

also comparing the outcomes of a heuristic evaluation with those gathered through a 

questionnaire. However, we do not only aim at developing a framework for teaching 

and assessing visualizations, but we also seek to develop a method that might be used 

to compare different sets of heuristics regarding their performance and adequacy to 

different situations (e.g. web or mobile visualization, or different audiences). 

3 The Study: materials and methods 

In summary, our goal was to establish how to collect user data that would be useful to 

assess the relevance of the heuristic evaluation outcomes. In what follows, we 

describe the most important aspects of the study, namely the overall design, the 

visualization application used, the main potential issues found using heuristic 

evaluation, the tasks performed by the users, the questionnaire they answered, the 

participants profile and number, as well as the registered data.  



3.1 Study design  

Figure 1 shows the overall organization of the study: an application was evaluated 

using heuristic evaluation by 20 evaluators having some experience in evaluating 

visualization applications using this method; the ten most often reported potential 

usability issues were identified; a set of tasks and a questionnaire addressing these 

aspects were developed and 44 participants used the application to perform the tasks 

and answer the questionnaire. Finally, the results obtained from the participants’ 

answers to the questionnaire were compared with those obtained by the evaluators. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Overall organization of the study: 20 evaluators use heuristic evaluation to analyze an 

application; 44 users perform tasks and answer a questionnaire, results are compared. 

3.2 Application evaluated 

The evaluated application was a simple example from the Spotfire demo gallery 

(http://spotfire.tibco.com/demos/spotfire-soccer-2014) providing interactive 

visualizations of data from the soccer world cups going back to Uruguai 1930 until 

Brasil 2014. Figure 2 shows the main aspects of the Geographical overview tab of the 

application. This tab allows visualizing on a map data corresponding to the selected 

country concerning a specific “metric” (goals for, goals against, total match wins, 

total world cups, final, semi-final and quarter-final appearances, and goal delta); 

beneath the map a bar chart displays data corresponding to the performance of the 



selected country by world cup. Figure 3 shows the type of information provided by a 

tooltip when the user selects a country. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. World Cup Soccer Analysis (Spotfire Demo Gallery) – General aspect of the 

Geographical Overview tab of the application. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. World Cup Soccer Analysis (Spotfire Demo Gallery) – Tooltips providing data 

concerning a specific metric for a country selected on the map (left), and on the bar chart 

beneath the map (right). 

This application was chosen due to the concrete and easy to understand data set 

visualized. Moreover, we considered the topic would be motivating for most students 

who were going to perform the heuristic evaluation, promoting the discovery of a 

higher number of problems.  



3.3 Potential problems identified using heuristic evaluation 

The number of evaluators using heuristic evaluation needed to find a significant 

percentage of the potential usability problems has been subject to debate. Nielsen and 

Molich [21] initially reported that five evaluators found about 2/3 of usability 

problems in a specific study, and consequently the “magic number five rule” has been 

widely used. However, later on, Slavkovic and Cross [22] based on an empirical 

study, suggested that the number of evaluators proposed by Nielsen and Molich does 

not generalize when complex interfaces are evaluated by inexperienced evaluators. 

Hwang and Salvendy [23] conducted a meta-analysis of previous works published in 

relevant journals and conferences and concluded evaluator's expertise, duration of 

evaluation, and report format may affect the overall discovery rate. Taking into 

consideration these findings, which seem anticipated from the nature of the method, 

we involved in the study a relatively large number of evaluators. Specifically, we 

asked 20 Information Visualization students (with some previous experience in using 

heuristic evaluation to evaluate visualization applications) to evaluate the application 

as an exercise in a lab session at the end of the course in the two academic years 

2013-14 and 2014-15. The students were first informed that the results of their 

evaluation would be used in a study about heuristic evaluation in Visualization and 

were asked to find at least 6 potential problems, register them in a paper form and 

submit immediately after completing it. To close the session, the students were 

involved in a general discussion on the method, the heuristics used, and the specific 

application evaluated. The evaluation was performed on a voluntary basis, with no 

grading; however, students were asked to sign the forms in order to foster effort in 

finding the problems. These 20 evaluators found and described a total of 140 

problems. The descriptions were analyzed to classify the issues into different 

categories and recognize repetitions. This allowed identifying the following potential 

problems more often pointed out by the evaluators (most frequent first):  

 The application may be too slow 

 Colors may be difficult to discriminate 

 Meaning of colors may be difficult to understand 

 Zoom and Scroll may be difficult to use 

 Some aspects of the application may have too much information  

 Help and documentation may be insufficient 

 The lack of Undo may have a negative impact 

 Multiple country selection may be difficult to find 

 Small items may be difficult to select 

 Charts at the bottom may not be visible (depending on the screen size) 

3.4 Questionnaire 

The questionnaire was an important part of the work and some care has been put in its 

development. Since our goal was to assess if the outcomes of the heuristic evaluation 

translated into actual problems, detected by users, we considered the problems 

identified by the evaluators to guide the design of the tasks. Each selected task 



required the use of one or more potentially problematic features. Then, we devised a 

set of questions that would elicit the envisaged tasks. An on-line questionnaire was 

developed including these questions, all implying performing data analysis tasks with 

the application. By accounting for the potential problems, when designing the tasks to 

be performed by the users, we aimed at: (1) ensuring that they were faced with the 

potential problems; and (2) easing the a posteriori match between the outcomes of 

both evaluation methods, a potentially challenging task [24]. The questionnaire is 

composed of three parts: six questions forcing the participants to use several aspects 

of the application, a set of questions concerning personal and platform data, and a 

final set of questions to obtain participants’ opinion of the application. The 

questionnaire was implemented based on an on-line questionnaire platform used at 

our University, which allowed retrieving the time taken to answer each question. 

 

Part I: Task Related Questions – At the beginning of the questionnaire, the 

participants were asked to become familiarized with the application by freely 

exploring it for at least five minutes. After this, they were presented with the 

questions, designed with different degrees of difficulty, involving performing tasks 

that would force them to use the functionality and user interface aspects where 

potential problems had been identified. All these questions had a quantitative answer 

so that task correctness was easily assessed (Table 1). Also, the task difficulty, as 

perceived by the participant, was assessed through a Likert-type scale immediately 

after answering each question (Figure 4). Times were logged during the participants’ 

activity.  

Table 1. Questions to be answered by the participants that imply using the application to 

perform tasks   

 

 

 

 

 

 

Fig. 4. Likert-type scale used to obtain difficulty perceived by the participants to answer the 

questions in Table 1 

 

Part II: User and Platform Characterization – After concluding the tasks and 

answering the corresponding questions, data was collected regarding: (1) 

# Question 

1 How many goals has Portugal scored in all championships? 

2 How many goals has Portugal scored in semi-finals? 

3 In how many championships did Portugal score as much goals as Spain? 

4 Where and when did that happen? 

5 How many games did Germany win in the 1954 championship, in Switzerland? 

6 How many games did Germany win in the “Round of 16”, at that same championship? 



demographics (gender, age); (2) color perception, through a partial Ishihara color test 

to identify possible color perception difficulties; and (3) platform characterization 

(screen size, input device, browser, etc.). 

 

Part III: Detailed Application Experience – Participants were also asked about their 

experience with the application through closed-ended questions addressing specific 

aspects and the overall usability of the application (Figure 5), as well as an open-

ended question to express their general opinion and any comments. These questions 

were meant to assess if the participants had noticed or had been able to easily use 

functionality/aspects that had been considered potentially problematic by the 

evaluators. Additionally, and to avoid leading participants to think that all questions 

were about severe usability issues, some questions addressed aspects that were not 

among the most often reported issues. To make the questions more understandable, 

some of them were illustrated with an example from the application (Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Closed-ended questions addressing specific aspects of the application (translated from 

the original questionnaire in Portuguese) 

 



Finally, participants were asked about the overall usability of the application (also 

using a Likert-type scale: 5-very good, 4-good, 3-resonable, 2-bad, 1-very bad) and to 

select from a list of possible undesirable characteristics the ones that, in their opinion, 

had a more negative impact on the application usability and user experience. This list 

was organized alphabetically and this was stated in the questionnaire so that 

participants would not infer any order of importance. After reaching this part, it was 

not possible to go back in the questionnaire and change the answers given to the 

previous questions.  

3.5 Participants  

The participants were 44 students (9 females and 35 males, aged 19 to 31) attending a 

course on Human-Computer Interaction (BSc level) or on Information Visualization 

(MSc level) at our Department. They did not know the application a priori, but all had 

some knowledge concerning usability and had already analyzed the usability of 

interactive applications. The questionnaire was answered during a laboratory class as 

an exercise.  

4 Main results and discussion 

In what follows, we first present and discuss the main results from the user study. We 

go through the data gathered from the questions that implied using the application to 

find a quantitative answer, as well as from the questions about specific aspects of the 

application. Finally, we bring back the data from the heuristic evaluation and compare 

it with this novel data in order to assess the extent to which the problems detected by 

evaluators actually materialized in problems felt by users. 

4.1 Questions implying using the application to perform tasks 

All participants were able to answer correctly most questions concerned with the data. 

This suggests that they were engaged in performing the tasks needed to find the 

answers, and adds value to their answers concerning the experience of using the 

application, as well as to their opinion on the overall usability and of specific aspects 

of the application. Nevertheless, some users were not able to answer the questions that 

were more complex by design, such as questions 3 and 4 (Table 2), and implied using 

features pointed out by the evaluators as potentially problematic. 

Figure 6 shows the difficulty stated by participants for each of the questions in Table 

1 using a Likert-type scale (5-very easy, 4-easy, 3-difficult, 2- very difficult, 1- 

needed help, 0-could not do it). Tasks 3 (In how many championships did Portugal 

score as much as Spain?) and 4 (Where and when?) appear as the most difficult tasks 

with a relatively high percentage of the participants not being able to complete them 

(27% and 32%, respectively) and a median difficulty value of 3 (difficult). Task 3 has 

a higher inherent complexity and this is probably reflected on the higher average time 

participants took to answer the corresponding question. These tasks are related and 



several participants mentioned in their comments that the small size of the bars made 

them difficult to perform. This issue had been pointed out by evaluators as one of the 

potential usability issues, and confirmed in the second part of the questionnaire as a 

problem felt by many participants.  

 

Table 2. Answers to the questions that imply using the application (Table 1)  

 
Question     

# 

# of Right 

answers 

# of Wrong 

answers 

# of No        

answer 

Median   

(Easy-difficult) 

Average 

time (s) 

1 38 6 0 4 74 

2 31 5 8 3 93 

3 28 4 12 3 137 

4 30 0 14 3 36 

5 38 5 1 4 92 

6 37 3 4 4 43 

      

Fig. 6. Difficulty perceived by the participants to answer the questions that imply using the 

application (Table 1) 

 

Figure 7 shows the boxplots of the times to answer these questions. Participants took 

in average longer to perform task 3, which confirms that this task was more complex. 

 

 



Fig. 7. Boxplots corresponding to the times 

(s) to answer the questions that imply using 

the application (Table 1) 

 

 

4.2 Questions addressing specific aspects of the application 

Table 3, Table 4, and Figure 8a show the results to the closed-end questions 

addressing specific aspects of the application. These results suggest that zoom and 

scroll may be difficult to use and the possibility of selecting multiple countries may 

be difficult to notice; both aspects were pointed out as possible usability issues by the 

evaluators. On the other hand, these answers suggest that filters, while available, may 

not be noticeable, in spite of not being one of the issues most mentioned by the 

evaluators. 

 

Table 3. Number of answers to the closed-end (yes/no) questions (in Figure 5) addressing 

specific aspects of the application  

 
Question  (Yes/No)    Yes No 

Did you have problems with zoom or scroll? 29 15 

Did you notice you might select several countries simultaneously? 18 26 

Did you use the filter to obtain the number of goals? 3 41 

 

Table 4. Number of answers to the closed-end multiple choice questions (in Figure 5) 

addressing specific aspects of the application  

 

Question  (multiple choice)    5 4 3 2 1 0 NA 

How easy/difficult was to select the bars? 5 8 10 14 5 2 0 

How easy/diff. to understand color captions?  6 11 22 4 0 0 1 

 

 

 

 

 

 

 

 

 

 

Fig. 8.  a- Answers to the questions addressing two specific aspects of the application in a 

Likert-type scale (5-very easy;…, 1-very difficult; 0-couldn’t do it) b- Usability of the 

application according to the participants (5-very good, 4-good, 3-resonable, 2-bad, 1-very bad) 

 

(a) (b) 



Figure 8b shows the participants’ answers regarding the usability of the application. 

Twenty participants rated it as 3-reasonable; however, nineteen participants rated it as 

2-bad or 1-very bad. These results are in line with the overall opinion of the 

evaluators collected informally in the general discussion to close the evaluation 

sessions with the Information Visualization students. 

4.3 Heuristic Evaluation vs User Study 

Figure 9 allows comparing the percentage of participants that considered as an 

undesirable characteristic each of the ten potential problems more often found by 

heuristic evaluation with the percentage of evaluators that found it. It is noticeable 

that all identified potential problems were experienced by participants; yet, the issue 

most reported by participants (“multiple selections difficult”) was not the potential 

problem identified by most evaluators, and the problems identified by most evaluators 

(concerning response time, and color related problems) were not among the most 

reported by participants. 

 

colors difficult to discriminate-1 

too much information-2 

not enough documentation-3 

missing undo-4 

bottom charts not visible-5 

confusing scroll and zoom-6 

small items difficult to select-7 

meaning of colors not clear-8 

multiple selections difficult-9   

slow response-10 

 

Fig. 9 – Main application issues identified by the participants (users) and evaluators. 

The bars represent the percentage of people identifying the issue, for each method 

The results obtained confirm the relevance of heuristic evaluation to predict usability 

problems with a real impact in using the application, even though the relative 

importance given to the diverse issues was different, which is possibly due to the 

dissimilar mindsets of the participants when compared with the evaluators. On a 

closer look, there are five items for which the difference between users and evaluators 

is larger. On one hand, items 1 and 8 have been strongly mentioned by evaluators and 

far less by users. Curiously, these two refer to the use and interpretation of color; their 

greater importance, to the evaluators, might indicate a stronger evaluators’ awareness 

for the issues arising from incorrect color usage possibly due to specific heuristics, 

something that users might not easily detect, unless they suffer from any type of color 

vision deficiency. On the other hand, items 5, 7 and 9, have been widely detected by 

users and considerably less by evaluators. These items concern visibility and 

selection, two aspects interfering with tasks the users had to accomplish. Since the 



participants actually had to fight against the issues to complete a task, this potentially 

increased the negative impact and visibility of these problems. 

5 Conclusions and future work  

This paper presents an exploratory study aimed at better understanding the capacity of 

heuristic evaluation to predict the issues experienced by users when using a 

visualization application. The study had several limitations concerning the number 

and relative inexperience of the evaluators, the narrow profile of the participants that 

acted as users, the short length of the questionnaire addressing only a few aspects of 

the application, and the specific nature of the application; yet, results do show a 

relation between the potential problems identified by evaluators and the problems 

participants found while performing the tasks. Specifically, potential problems 

detected through heuristic evaluation seem to carry over to usability issues during 

user experimentation (all potential problems identified by evaluators are also 

identified by application users). Therefore, we argue our study helped develop and 

illustrate a method that might be used to compare several sets of heuristics for specific 

contexts (as Visualization applications). 

Naturally, the fact that the heuristic evaluation was successful in pointing out issues 

that had an impact on the application’s usability, as experienced by users, does not 

mean that these are the only issues present. The assessment of that aspect would 

require a much more complex user study and a more elaborate method for matching 

outcomes between both evaluation methods. This is left for a future study. 

To enable the comparison among heuristics sets, the proposed method should be used 

in the scope of a controlled experience, for instance asking different groups of 

evaluators to use different sets of heuristics. This would have to be carefully 

counterbalanced as to avoid possible differences of evaluators’ experience, requiring 

an even more careful characterization of their profile, namely specifying their 

experience in using heuristic evaluation and their understanding about each heuristic 

set. A more systematic and quantitative registration of each of the problems detected, 

and its severity, should also be implemented. The questionnaire used for the heuristic 

evaluation could be adapted to collect even further details concerning the evaluators 

profile and detected issues. Additionally, and to ensure a similar level of familiarity 

with the heuristics and their use, specific procedures might be considered, such as 

preliminary training. Regarding the user study, and also to further enable the 

comparison among different heuristics sets, the tasks and the questions about the 

application, given to a more diverse group of users, should be extended in order to 

address more aspects of the application. Finally, statistical (including multivariate) 

and visualization methods should be used to analyze all the data collected from 

evaluators and users. The match between both sets of data is, as previously observed, 

one of the inherent challenges. 

All considered, this seems a daunting task, given the complexity and range of 

resources required, to which we also look from the point of view of graduate 

education in the fields of HCI and Visualization. In fact, we consider that the research 



questions we address should also be a part of the inquiring mind of any one learning 

and applying inspection and empirical methods for usability evaluation. At our 

Department, we offer, every year, a course on Information Visualization, where 

students are trained to analyze visualization applications, a course on Human-

Computer Interaction, were students evaluate interactive applications, and participate 

in evaluations organized by others. These audiences, we argue, should be exposed to 

such questions and are natural candidates to participate in these studies as part of in-

class exercises that also introduce them to the issues of using the experimental 

method, while contributing to a better understanding of the different methods. 
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