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ABSTRACT 
Research into how humans interact with computers has a long 

and rich history. Only a small fraction of this research has 

considered how humans interact with computers when 

engineering software. A similarly small amount of research has 

considered how humans interact with humans when engineering 

software. For the last forty years, we have largely taken an 

artifact-centric approach to software engineering research. To 

meet the challenges of building future software systems, I argue 

that we need to balance the artifactcentric approach with a 

human-centric approach, in which the focus is on amplifying the 

human intelligence required to build great software systems. A 

human-centric approach involves performing empirical studies 

to understand how software engineers work with software and 

with each other, developing new methods for both ecomposing 

and composing models of software to to ease the cognitive load 

placed on engineers and on creating computationally intelligent 

tools aimed at focusing the humans on the tasks only the humans 

can solve. Context: Several text books and papers published 

between     2000     and     2002     have     attempted     to     

introduce experimental design and statistical methods to 

software engineers undertaking empirical studies. Objective: 

This paper investigates whether there has been an increase in the 

quality of human-centric experimental and quasi-experimental 

journal papers over the time period 1993 to 2010. Method: 

Seventy experimental and quasi experimental papers published 

in four general software engineering journals in the years1992-

2002 and 2006-2010 were each assessed for quality by three 

empirical software engineering researchers using two quality 

assessment methods (a questionnaire-based method and a 

subjective overall assessment). Regression analysis was used to 

assess the relationship between paper quality and the year of 

publication, publication date group (before 2003 and after 2005), 

source journal, and average coauthor experience, citation of 

statistical text books and papers, and paper length. The results 

were validated both by removing papers for which the quality 

score appeared unreliable and using an alternative quality 

measure. Results: Paper quality was significantly associated 

with year, citing general atistical texts, and paper length (p < 

0.05). Paper length did not reach significance when quality was 

measured using an overall subjective assessment. 
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1. INTRODUCTION 
Science action writers often speculate about situations in which 

software is intelligent, sufficiently so to perhaps even program 

itself. Perhaps luckily, we have not yet entered into situations 

where software can determine its own actions or evolve to meet 

new needs. Rather, software engineering is, and should remain, 

a human-intensive activity. Despite the central role of humans 

using the tools, methods and processes that support software 

engineering, the focus of much software engineering research is 

on improving artifacts that support, or are the end goal, of the 

engineering rather than on ensuring the abilities of the humans 

involved in the activities of engineering the software are 

amplied to the greatest degree possible. As one example, a 

substantial amount of research considers how to express the 

abstractions describing software in models rather than in source 

code. However, little attention has been paid to how the software 

engineers using the models reason about the eventual system 

through the models. I argue that a human-centric approach to 

software engineering can help accelerate our ability to build 

complex software systems with desired qualities. A human-

centric approach would involve research focused on how 

humans work with computational structures and with each other. 

A human-centric approach would also consider extensions to 

existing research to consider how humans can work with artifact 

centric research results. Finally, such an approach would involve 

the development of limited intelligence models and tools to 

allow software engineers to focus those aspects of a 

development project requiring human creativity and judgment. 

To give a sense of human centered versus artifact-centered 

results, I first outline the differences between the two 

approaches in terms of vignettes in three areas of software 

engineering research results: tools, methods and processes. I 

then sketch how research agendas might change to 

accommodate human-centered software engineering. 

We have found no papers in the field of SE that investigated 

whether the quality of SE papers is changing over time. 

However, there are studies of quality evaluation procedures in 

many disciplines. In a recent paper, we summarized research 

related to quality criteria used to evaluate experiments [18], 

pointing out that quality criteria in medical studies were based 

on three issues: We have found no papers in the field of SE that 

investigated whether the quality of SE papers is changing over 

time. However, there are studies of quality evaluation 

procedures in many disciplines. In a recent paper, we 

summarized research related to quality criteria used to evaluate 

experiments [18], pointing out that quality criteria in medical 

studies were based on three issues: 

 use of random allocation to experimental conditions, 

 use of single-blind versus double blind procedures, 

 How dropouts were analyzed. 

Furthermore, we noted that there are some doubts about using 

checklists based on more general criteria to assess medical 

studies. For SE studies, we argued that double blind procedures 

and the intention to treat method were inappropriate and 

therefore not being used in the context of SE experiments. (In 

double-blind procedures, the experimenter and the subjects do 
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not know what experimental condition they are assigned. In the 

intention to treat method, the subjects are analyzed within the 

experimental condition to which they were assigned even if they 

dropped out.) Consequently, we argued that the use of another 

set of quality criteria was necessary for SE experiments, as it is 

for other disciplines such as education or psychology. After we 

began work on this study, Dieste et al. published a study that 

investigated the relationship between internal validity and bias 

in SE experiments, where bias refers to ―a tendency to produce 

results that depart systematically from the ‗true‘ results‖ [5]. 

They identified a set of 10 quality evaluation questions and 

evaluated 25 studies that had been aggregated using meta-

analysis (in two separate meta analyses). They applied the 10 

quality evaluation questions to each paper and correlated the 

results with bias (measured as the difference between the overall 

average effect size calculated in the meta analysis and the mean 

effect size observed in the study). They found only three 

questions that were negatively and significantly correlated with 

bias (noting that a large negative correlation with bias is 

associated with high quality and vice versa), which were: The 

basic method used in this quasi-experiment was to select a set of 

papers reporting human-centric experimental and quasi-

experimental published on or before 2002 and to compare them 

with a similar set of papers published between 2006 and 2010 

inclusive. The comparison was based on a quality questionnaire 

described in detail in a previous paper. Seventy papers were 

selected in such a way that they provided as even a spread of 

papers per year as possible. This means that our experimental 

design is similar to an interrupted time-series design with the 

aim of investigating whether the publication of SE guidelines on 

performing experiments caused an interruption in the quality 

trends of papers reporting SE experiments. The material and 

methods used in this quasi-experiment are discussed in more 

detail in the following sections. 3.1 Research Goal formally, the 

goal of this paper is to investigate whether the quality of human-

centric SE experiments and quasi-experiments is showing an 

improvement over time. In particular, we were interested to see 

whether the guidelines for SE experiments produced in the early 

2000s had improved the quality of experiments. We restricted 

ourselves to an investigation of papers published in international 

SE journals, so we would expect the experiments that we 

included in our study to be of higher quality than SE 

experiments in general. 3.2 Experimental Units and Participants 

There is one main experimental unit involved in this experiment: 

the set of papers to be assessed for quality. In addition, the 

human participants in this study are the seven coauthors of this 

paper. The papers were obtained from two sources. Papers 

published in or before 2002 were selected from the 76 papers (of 

103 papers) found in [23] that were published in four 

international journals: the IEEE Transactions on Software 

Engineering (TSE), Empirical Software Engineering (ESE), 

Information and Software Technology (IST), and the Journal of 

Systems and Software (JSS). Relevant papers published between 

2006 and 2010 inclusive were found by a search of the same 

four journals over the five-year period. We excluded the years 

2003 to 2005 from our analysis because we wanted to 

investigate whether guidelines for SE experiments (e.g., [27], 

[11], and [17]) had an impact on experiment quality. If the 

guidelines had an impact, it would have taken several years for 

that to become visible in journal citations since, given the time 

needed to get papers published, many SE experiments published 

in the years 2002-2005 would have been performed before the 

guidelines were published. The papers from the earlier time 

period (1993-2002) also fitted in well with the publication dates 

of the guidelines and provided a relatively long time period (i.e., 

10 years) to establish any quality trends. With respect to being 

active participants in the study, obviously, we are not a random 

selection of researchers. We are a group of SE researchers with 

an interest in, and experience of, undertaking SE experiments. 

Furthermore, we are often asked by journal editors and 

conference organizers to review empirical SE studies. Therefore, 

we are representative of reasonably expert empirical researchers 

Selection of Papers Available for Inclusion in the Study We 

restricted the papers to those published in four journals because: 

These journals published the majority of papers on human-

centric experiments and quasi experiments that were found by 

Sjøberg et al. Restricting ourselves to journal papers meant there 

was less likelihood of including duplicate reports of the same 

study from different sources (i.e., no likelihood of encountering 

both conference and journal versions of the same study).. The 

restriction ensured that we had a homogeneous dataset with a 

reasonable number of papers from all the selected sources 

included in the two main time periods we analyzed. We also 

used the following exclusion/inclusion criteria:. We excluded 

papers coauthored by any of the authors of this paper to avoid 

any possible bias in our quality evaluations. . If a specific 

researcher was first author of many different papers (within each 

time period), we included no more than one paper with that 

researcher as first author to avoid biasing the results either for or 

against any individual researchers who published a large number 

of papers (and who are usually experienced researchers). To 

decide which paper from a particular author to include in the set 

of available studies, we either selected a paper published in the 

year that had fewest available papers or (if there was no clearly 

preferable year),we selected a paper at random.. We excluded 

from the set of candidate papers those papers that we had used to 

test our quality questionnaire. 

A quality questionnaire, which is used nine individual questions 

about the quality of a human-centric experiment /quasi-

experiment plus one question asking for an overall subjective 

assessment of the quality of the study. The questionnaire was the 

same as that used in our previous research [18], [19]. The only 

difference was in how it was scored, with the assessors being 

encouraged to interpolate between the 4-point ordinal 

assessment scale (0 to 3) for each question if they wanted, rather 

than select one of the discrete points. For convenience, a copy of 

the questions used in the questionnaire is shown in Table 2. Note 

that many of the questions relate to reporting practice. In 

addition to the nine basic questions, we also asked reviewers to 

make an overall subjective assessment of the paper on a 4-point 

ordinal scale (0 = Poor;1 ¼ Moderate; 2 = Good; 3 = Excellent) 

The measure of total quality for a paper obtained from an 

individual researcher is the sum of the nine quality questions 

(i.e., varies from 0 to 27). Our hypotheses are based on the 

average quality of the paper, that is, the average of the three total 

quality scores obtained from the researchers who assessed the 

paper. Each assessor also allocated an overall subjective 

assessment of quality to each paper. We assessed the subjective 

quality of a paper by taking the average of the three subjective 

assessments. The level of agreement among individual 

researchers for the total score and the subjective overall score of 

each paper was assessed using the Intra Class Correlation (ICC) 

coefficient [25]. There are three variants of the ICC depending 

on whether the same judges are used for each paper or different 

judges are used for each paper; see [18] for a more detailed 

discussion of the ICC and its variants. Since we randomized the 

allocation of three judges to each paper (as opposed to having 

the same set of judges evaluate each paper), we used the 

simplest version of ICC based on the within and between paper 

variance. Since a two-way analysis of variance suggested that 

the effect of individual judges was statistically significant, our 

ICC values are conservative. The ICC value for the total score 

was 0.51, which is considered moderate agreement. The ICC 
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value for the overall subjective assessment was 0.61, which is 

considered substantial. However, the overall subjective 

assessment is represented as an ordinal scale number, and the 

ICC value is based on analysis of variance, which assumes a 

normally (or approximately normally) distributed variable, so 

the ICC value must be treated with some caution. 

2. REGRESSION ANALYSIS 
A statistical analysis of the relationship between the quality of 

individual papers (averaged over the three independent 

assessments) and year, group, and TP2year is shown in Table 5. 

This analysis, which is based on the data shown in Fig. 1, 

confirms that there is a significant positive linear relationship 

between year and paper quality, but there is no significant 

relationship between group and paper quality nor is there a 

significant change in the gradient of the linear model in TP2. 

This means that the general trend is one of increasing quality, 
but there was no major change in the overall trend before 2003 

and after 2005. However, since the quality score has an upper 

bound of 27, we would expect the gradient of the linear 

relationship between year and quality to decrease in years 

following 2010 and indeed there is a slight indication visible in 

Fig. 3 that this effect might be happening in 2009 and 2010. 

3. THE RELATIONSHIP BETWEEN 

AVERAGE COAUTHOR EXPERIENCE 

AND PAPER QUALITY 
Using the average of the number of papers published by the 

coauthors in years prior to the paper included in our dataset as a 
measure of experience, we investigated the effect of experience 

on paper quality in a model including year and statistical texts 

cited (i.e., only general statistical texts not ones by SE 

researchers or by Campbell et al.). This analysis confirmed that 

after accounting for year and referencing statistical texts, 

average coauthor     experience     was     not significantly 

associated with paper quality. 

Table.1  Paper Quality 

 

Year 

 

Papers 

 

Avera
ge 

quality 

 

Variance 

 of 

 average 
quality 

 

Average 
subjective 

assess 

-ment 

 

Variance 
of 

subject 

-tive 
assess 

-ment 

 1993 

 

3 

 

13.000 

 

4.7463 

 

1.278 

 

1.1097 

 
1994 

 

2 

 

14.667 

 

1.6499 

 

1.250 

 

0.3536 

 
1995 

 

3 

 

14.944 

 

7.4728 

 

1.611 

 

1.0046 

 
1996 

 

3 

 

14.556 

 

5.7743 

 

1.611 

 

0.9179 

 
1997 

 

4 

 

16.542 

 

4.3277 

 

1.625 

 

0.6719 

 
1998 

 

4 

 

15.083 

 

2.3034 

 

1.542 

 

0.3696 

 
1999 

 

4 

 

17.292 

 

3.2642 

 

1.583 

 

0.6455 

 
2000 

 

4 

 

16.792 

 

3.2012 

 

1.792 

 

0.8539 

 
2001 

 

4 

 

21.188 

 

1.3649 

 

2.500 

 

0.3600 

 
2002 

 

4 

 

14.750 

 

5.6001 

 

1.375 

 

0.8207 

 
2006 

 

7 

 

19.607 

 

3.2902 

 

2.238 

 

0.5431 

 
2007 

 

7 

 

19.119 

 

1.5267 

 

2.119 

 

0.2673 

 
2008 

 

7 

 

20.393 

 

4.6965 

 

2.310 

 

0.6194 

 

2009 

 

8 

 

21.146 

 

3.6159 

 

2.271 

 

0.6722 

 
2010 

 

6 

 

20.889 

 

2.9771 

 

2.333 

 

0.2789 

 

4. CONCLUSIONS 
As SE researchers, we are pleased to find that the quality of 

experimental and quasi experimental SE papers appears to be 

improving. However, although the recent texts authored by SE 

researchers have had a significant impact on citation practices, 

there is no evidence that the change in citation practice is 

directly associated with the improvement in quality over the 

monitored time period. The results of our study suggest that the 

quality improvement is due to a gradual increase across the 

entire time-period 1993-2010. Our analysis of citations attributes 

this to a general increase in the level of understanding of 

experimental and statistical methods rather than specific 

initiatives by SE researchers. Indeed, the initiatives that led to 

new SE conferences and journals addressing empirical SE in the 

late 1990s and the later statistical text books and guidelines 

could actually have been a result of the initial increase in 

understanding of statistical methods and experimental design. 

Our study was based on papers that were published in only four 

SE journals (TSE, JSS, ESE, IST). These are highquality venues 

for SE experiments. Thus, we would expect the quality of 

software experiments and quasi-experiments published in these 

sources to be higher than that obtained in other sources. In 

particular, we do not know whether the results generalize to 

conference papers, which are usually constrained to be shorter 

than journal papers and so may score poorly on a quality 

instrument that favors reporting quality.Nonetheless, performing 

a similar study based on papers from ICSE and Empirical 

Software Engineering and Measurement (ESEM) might be an 

interesting topic for future research. 

However, ESEM papers would have to be compared with papers 

from the Metrics and ISESE conferences if the same time 

periods were used. We used a quality instrument that we 

developed ourselves; see [18]. Although there were overlaps, 

Dieste et al. [4] used a rather different set of quality questions 

for their study of the relationship between bias and quality 

questions. This raises the question of whether there is a ―best‖ 

set of criteria for human-centric SE experiments and quasi-

experiments. Dieste et al.‘s results suggested that only three of 

their 10 questions were negatively related to bias. In contrast, 

our results suggest that all our questions were positively 

associated with quality. Thus, we cannot be sure which set of 

questions is best nor indeed whether it is possible to identify a 

best set of questions given the different suggestions made by 

different researchers. An alternative approach to assessing study 

quality is to assess specific well-defined criteria such as power, 

effect size, and quasi-experiment practices, as has been done for 

studies published prior to 2003 . These criteria could be used 

both to investigate improvements in study quality over the time 

period 1993-2010 and to assess the validity of alternative quality 

instruments. 
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