
 
 
 

SUBJECTIVE EVALUATION OF BELIEVABILITY IN 
VISUALIZATION OF DATA 

(Research-in-Progress) 
 
 

Ahmed Abuhalimeh 
IQ Program, University of Arkansas at Little Rock 

aaabuhalime@ualr.edu 
 

M. Eduard Tudoreanu 
Information Science, University of Arkansas at Little Rock 

metudoreanu@ualr.edu 
 

Thikra Mustafa 
Nanotechnology Center, University of Arkansas at Little Rock 

tamustafa@ualr.edu 
 
 
 

Abstract: Believability is one of the major information quality dimensions that plays a 
role in the operational fitness and sound decision making. This paper presents an 
empirical evaluation of how people perceive believability of data shown through visual 
and textual representations. Integration of text and images is also studied with respect to 
believability. The subjective assessment exhibits variation for different types of data 
sources: textual, image, and both. The manner in which believability varies appears to be 
heavily dependent on task. Some tasks are more believable when text is integrated with 
images, others do not benefit from the combination. Scientific data collected in the 
process of incubation of the bone cells with gold nanoparticles is selected for the study 
because it alleviates the effect of the accuracy dimension on the assessment of 
believability. The implication of these results is that, for subjective measures of 
believability, traditional statistical methods of assessing quality may need to be extended 
with additional methods to account for the non-linearity and the behavior of data 
integration. 
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INTRODUCTION 
Believability, defined as the extent to which information is true and credible [5, 6], is one of the 
information quality (IQ) dimensions that can be best determined/assessed through subjective assessment 
of the information users rather than through algorithmic means. Some other quality dimensions, such as 
value-added or reputation, are also intrinsically dependent on the human actor, while others may become 
subjective in certain situations.  



 
The term we introduce to describe quality measures that cannot be determined by a computer alone is 
subjective information quality or SIQ [2]. Subjective information quality may not necessarily behave the 
same as the precisely computed measurements because they involve human factors and human 
psychology. Assessment of SIQ may be more application and situation specific, and rules for determining 
such quality may be different than statistical calculations. For example, people may find faults in data that 
is very true and credible, and may find the combination of two poor data sources to be more than the sum 
or average of the parts.  

 
The aspects of subjective information quality covered in this paper include how subjective rating varies 
with different pieces of information displayed, and how additional information influences the assessment 
of believability. Our results are based on a study on the perceived believability of the concentration of 
gold particles added to the bone cells. The study employed data that can be easily judged by an average 
person. The data was obtained from the Nanotechnology Center at University of Arkansas at Little Rock. 
The investigators introduced two types of data: lab notes (textual) and microscopy (image). The study 
assessed the believability of each type of data as well as the believability of the integration of text and 
image.  

 
Believability was assessed with regard to two different concentrations of gold particles. Participants were 
asked to express their belief that the presented data was of a given concentration. The design of the study 
surreptitiously forced participants to provide their opinion based solely on belief because scientists could 
not determine any difference in results between the two concentrations. Thus, believability was measured 
alone without interference from other IQ dimensions, more importantly accuracy, which can skew the 
results for believability when people tend to not believe data that appears inaccurate. Note that choosing 
experts for the study, would result in them validating accuracy rather than believability because experts 
already use and trust these visual tools and lab notes. 

 
The study revealed that believability varies with the type of data source, image, text, or both, and that it 
behaves differently for each task. Users assessed themselves as being neutral to confident in their results, 
with the text data source scoring the lowest, and the image scoring the highest. 

 
The remainder of the paper is organized as follows: the next section discusses related work, followed by a 
description of study and the results. The paper concludes with a discussion and future work plans.  

 
 
 

RELATED WORK 
Pipino, Lee and Wang [5] present approaches that combine the subjective and objective assessments of 
data quality, however, their approaches do not ask for an estimation of the believability from participants. 
Their approaches are based on mathematical models, and focus on the data from one source. Our study 
provides visualizations techniques and aims to help in developing a method that will enable users to better 
estimate the quality of the data coming from different sources, due to the lack of the statistical methods 
for assessing subjective information quality (SIQ). 

 
Lin and Hua [7] present a method for measuring data quality in data integration. They focus on 
algorithmic methods for believability and, unlike our work, do not include the human’s experiences with 
quality. 

 
Nicolas.P and Madnick.S.E [3] present the main concepts of a model for representing and storing data 
provenance, which includes an ontology of the sub-dimensions of data believability. They use 



aggregation operators to compute believability across the sub-dimensions of data believability. Our work 
focus on subjective evaluation of believability through visualizations techniques and aims to help in 
developing a method that will enable users to better estimate the quality of the data coming from different 
sources, and may be better at determining SIQ measures that the statistical methods employed for their 
data provenance model.  

 
The research of Huerta, Esperanza and Ryan [4] examines the factors affecting the credibility of online 
information. It uses the Elaboration Likelihood Model (Petty and Cacioppo [9]) as a theoretical 
framework, proposing a comprehensive model that includes factors from traditional means of 
communication and the Web. A field experiment was conducted that manipulated quality of content, 
reputation of the Web site owner, attractiveness, modality of exposure, and simulation. Out of these 
factors, quality of content and reputation of the Web site owner show statistical significance in the 
expected direction. Our study researches textual and visual data sources, and focuses on believability.  

  
Lee, Strong, Kahn, and Wang [8] developed a methodology, called AIM quality (AIMQ), to form a basis 
for IQ assessment and benchmarking. The methodology is illustrated through its application to five major 
organizations. The methodology encompasses a model of IQ, a questionnaire to measure IQ, and analysis 
techniques for interpreting the IQ measures. They developed and validated the questionnaire and used it 
to collect data on the status of organizational IQ. These pieces of data are used to assess and benchmark 
IQ for four quadrants of the model, which rely on questionnaires to find IQ scores. Our study uses 
different data types (text and visualizations) from different sources and we aim to help in developing a 
method that will enable users/organizations to better estimate the believability of the data coming from 
different sources. 
   
Bobrowski, Marre and Yankelevich [10] presented a methodology to measure data quality within 
organizations. First, a list of IQ criteria must be set up. These IQ criteria are divided into directly and 
indirectly assessed criteria. Scores for the indirectly assessed IQ criteria are computed from the directly 
assessed IQ criteria. In order to assess the direct criteria, traditional software metrics techniques are 
applied. These techniques measure data quality following the goal-question-metric methodology: For 
each directly assessed criterion, a question is set up that characterizes the criterion, and then a metric is 
derived to answer this question, giving a precise evaluation of the quality. From these metrics a user 
questionnaire is set up which is based on samples of the database rely on questionnaires to find IQ scores 

 
Both AIMQ and the approach of Bobrowski, Marre, and Yankelevich rely on questionnaires to find IQ 
scores. Our study examines people’s assessment of IQ based on their opinions and interaction with the 
information through different scenarios using samples of different data types (text, images, or both) in 
order to better understand how believability is influenced by data stemming from different sources and 
presented in a visual format. 

 
 
 

EXPERIMENT 
 

Participants 
The study was web-based, and was conducted through Amazon’s Mechanical Turk. The study was open 
for about one week. 161 complete responses from 200 answers were identified. Some responses were 
excluded because participants had selected random numbers not within the two options provided, and all 
the answers where work time was less than 30 seconds were excluded. Participation was anonymous, and 
no information we stored could have been traced back to the participant. Each answer was paid $0.25. 
 



 
 
 
Materials 

 
Data 
Data was obtained from scientists in the Nanotechnology Center at the University of Arkansas at Little 
Rock , and a sketch of the processed of incubation of the bone cells with gold nanoparticles is shown in 
Figure 1. The cells were sliced and visualized under a transmission electron microscope (TEM), where 
gold nanoparticles appear as black dots. The  gold nanoparticles deposited on upper surface of cell plasma 
membrane, which triggers arms forming a round the gold nanoparticles (Endocytosis). Some pictures 
used for the experiment show the arms in the process of Endocytosis.Two different concentrations of gold 
nanoparticles are used 10 µg/ml and 160 µg/ml, but the end result of the incubation of  the cells is the 
same regardless of the concentration. 

 

 
 

Figure 1: Diagram describing the experimental process of  incubation of  the gold nanoparticles 
with the bone cells. This image was provided to the participants in the study. 
 

 
Equipment and software: 
The software and environment used to perform the study is Amazon Mechanical Turk [1], a marketplace 
in which people use their innate human intelligence to solve various tasks. The Mechanical Turk web 
service enables companies to programmatically access this marketplace, which is supported by a diverse, 
on-demand workforce. Mechanical Turk aims to make accessing human intelligence simple, scalable, and 
cost-effective. Businesses or developers that have tasks that cannot be solved by a machine, can create 
small pieces of work, called Human Intelligence Tasks or “HITs”, via the Mechanical Turk APIs. 
Workers registered with the Mechanical Turk, then perform the tasks. Upon verifying the results, 
businesses and developers direct Mechanical Turk to pay the workers. We employed Mechanical Turk as 
a way to distribute questions about the gold-doped bone cells and to estimate the level of believability in 
the two gold concentrations from the professional workers registered with the Mechanical Turk. 

 
 Methodology 
The study was designed in such a way to not be dependent on accuracy. We achieved this goal by 



choosing a task based on the resulting cell configurations, which appears the same regardless of the gold 
concentration. The scientists discovered that the end-result of gold nanoparticles incubation is the same 
for both concentrations. However, scientists and experts were excluded from taking the study to 
avoid introducing bias towards accuracy in the results, since they would be familiar with 
materials and the images. This will not help the main goal of the study. 
 
The first section of each HIT starts with short instructions about the HIT. The image shown in Figure 1 
provides an overview of the whole process of adding the gold particles to the bone cells, and another 
image (Figure 2) provides a sample image with description of important features to allow the participants 
to familiarize themselves with the data types employed in the study. The second section of the HIT 
includes a textual description of the process of incubating the gold nanoparticles in the bone cells, and a 
sample of the two concentrations. The last section of the HIT describes the task the user needs to perform, 
and it is captured in Figure 3. 

 
Figure 2: Snapshot showing the contents of images 
 
 

 
 



 
Figure 3: Snapshot showing a task that integrated images with text  
 

 
The study was broken down into nine different tasks (HITs). The first three HITs we designed included 
questions based on only images of bone cells doped with either 160 µg/ml and 10 µg/ml gold, while the 
next three HITs included text description of cells with each of the two concentrations. The final three 
HITs included both image and text integrated as in Figure 2. Different cells were presented in each HIT. 
All the HITs were published in a random order and at different times.  

 
In each HIT, the following scenario was included “John and Marta believe the concentration of particles 
applied to the pictures is 10 µg/ml, Mary and Jim believe the concentration is 160 µg/ml“ as captured in 
Figure 3. Participants were asked to provide their answer whether they agree with John and Marta or 
Mary and Jim, and also to assess how confident they are in their answers on a five level rating scale. The 
scale presented the users with the following five choices: Very confident (5), Confident (4), Neutral (3), 
Not confident (2), and Not confident at all (1). The time allotted per assignment was two minutes, and ten 
unique workers were allowed to work on each HIT. Only Mechanical Turk workers over 18 were allowed 
to work on the HITs. The payment for each assignment was $0.25.  

 
Hypotheses 
The following hypotheses were considered: 

A. User’s answers and believability does vary when showing image, text, or a combination. 
B. Showing more pieces of information, combined information, improves the overall 
subjective assessment of believability. 
 

Design 
The independent variable in the experiment was source of data whose possible values are image, text, or 
both, and refers to the medium through which the participants in the study are getting their information. 
The textual information was extracted from the pictures in such a way to be similar to lab notes which 
present the features present in the observations (images). Note that actual concentration was another 
independent variable, but experts believe that it is not distinguishable in the images or text, and we do not 
consider the actual concentration as part of the model. 
 
Two dependent variables were measured during the study believed_concentration and confidence. The 
believed concentration provides an objective assessment of the participant’s believability and can be 
either 10 µg/ml or 160 µg/ml. The confidence is a self assessment from the user on a five level scale. 



 
Results 
The study was open for about one week, and 161 complete responses from 200 participants were 
identified. Some responses were excluded because participants had selected random numbers not within 
the two options provided, and all the answers where work time was less than 30 seconds were excluded. 

 
An ANOVA revealed that source is a significant factor for believed_concentration (F2, 160 = 3.02, p = 
0.0516).A Tukey pairwise comparison found significant differences between image and both (p = 
0.0398). For confidence, the presentation medium is a marginal factor (F2, 159 = 2.64, p = 0.0748). 
Pairwise, image and text sources appear the most statistically different for confidence (p = 0.0597). Note 
that as expected, actual concentration is not a statistically significant factor. 

 
Figures 4-6 illustrate the number of answers who believed either the 10 µg/ml or 160 µg/ml task. The 
self-assessment of the user confidence in their answers is given in Figure 7. 
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Figure 4: User believability in the two gold particle concentrations. The information is broken 
down by data source type and believed concentration. The y-axis shows the number of answers 
who believed in a given concentration.  
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Figure 5: Actual concentration of 160 µg/ml: user believability in the two concentrations by data 
type and believed concentration. 
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Figure 6: Actual concentration of 10 µg/ml: user believability in the two concentrations by data 
type and believed concentration. 
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Figure 7: Average rating of users’ confidence in their answers broken down by source type and 
believed concentration. Note than 1 for user rating means “Not confident at all”, 2 means 
”Somewhat not confident”, 3 “Neutral”, 4 represents “Confident“, and 5 represents “Very 
Confident”. 
 
 

 
DISCUSSION  
Hypothesis (A) holds for both tasks for which the users were assessed, that is for both believing in 10 
µg/ml and believing in 160 µg/ml. Hypothesis (B) holds only for the believability of 10 µg/ml task, as 
shown in Figure 4 more answers selected 10 for the both condition than for image or text alone. The 
believability of the 160 µg/ml is the lowest when users were presented both image and text combined, and 
thus hypothesis (B) does not hold. 

 
The results show a user preference (or bias) for the 160 µg/ml task, and consequently a bias against the 10 
µg/ml. Figures 4-6 show that most people and under most conditions believed the concentration to be 160 
µg/ml more than 10 µg/ml (except for the both case in Figure 6). Further research is needed to confirm 
the existence of this kind of biased.  

 
Believability was task dependent in our experiment, which may make automated estimation of this 
dimension a complicated endeavor. A different behavior of believability assessment is observed for the 
two tasks, none of them being simple averaging. The combination of the two datasets seems to affect 
slightly negatively the combination of text and images for the preferred task (160 µg/ml), while for the 
biased-against task (10 µg/ml) the combination improves the level of believability when compared to 
either image or text. 

 
Most people are confident in their answers, which translates into them being confident in their belief. 
Image seems to inspire more confidence then text. For confidence, the combination of image and text 
produces a result that is about the average of the individual confidence levels as shown in Figure 7. 

 
 
 



FUTURE WORK 
Assessing information quality is not an easy task and requires knowledge and awareness of the subjective 
and objective information quality metrics. Further studies may focus on additional tasks better understand 
the existence of preferred and biased against tasks. Such investigations may also need to be determined 
for other data types, and data presentation methods. 

 
Subjective assessment is not limited to believability and accuracy, and our plans are to consider other SIQ 
dimensions and verify whether their behavior is similar to the subjective accuracy and believability. 
Dimensions that are inherently subjective such as believability and value-added may lead to the 
development of a more complete theory of SIQ. 

 
Any theory of SIQ may need to also consider the effect of data integration, an important topic in 
information and data quality. This study also showed that adding extra information is not always 
beneficial. Furthermore, for the cases when additional data is included, lower quality data may provide 
better support for subjective evaluation than higher quality data. 
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