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This addendum contains a table reviewing core empirical studies in software comprehension, with respect to the cognitive levels proposed by Bloom. This list is in order of year-of-publications and shows a fall-off in the amount of studies reported more recently in this field. This can be explained, to a degree, by a greater interest in the more applied fields of ‘information seeking’ and ‘concept location’ in more recent times which has tended to supersede ‘comprehension’ studies. 

The addendum also contains a list of reference to these studies and a copy of the coders’ manual referred to in the article.

	Empirical study
	Cog. level

	
	Know.
	Comp.
	App.
	Anal.
	Synth.
	Eval

	Schneiderman (‘77) [73]
	X
	X
	X
	
	
	

	Schneiderman and Mayer (‘79) [74]
	X
	
	X
	
	
	

	Adelson (’81) [46]
	X
	
	
	
	
	

	McKeithen et al. (‘81) [65]
	X
	X
	
	
	
	

	Soloway, et al. (‘83) [77]
	
	
	X
	
	
	

	Gilmore and Green (‘84) [60]
	X
	X
	
	
	
	

	Soloway and Ehrlich (‘84) [76]
	X
	
	X
	
	
	

	Vessey (‘85) [78]
	
	X
	X
	
	
	

	Letovsky (‘86) [19]
	X
	
	
	
	
	

	Weidenbeck (‘86) [83]
	X
	X
	
	
	
	

	Letovsky and Soloway (’86) [63]
	X
	X
	
	
	
	

	Littman et al. (‘86) [64]
	X
	X
	
	
	
	

	Pennington (‘87a, ‘87b) [69], [70]
	X
	X
	
	
	
	

	Cunniff and Taylor (‘87) [54]
	X
	X
	
	
	
	

	Crosby and Stelovsky (’90) [52]
	X
	X
	
	
	
	

	Davis (’90) [55]
	X
	X
	X
	
	
	

	Detienne and Soloway (’90) [58]
	X
	X
	
	
	
	X

	Owman and Cook (‘90) [68]
	
	
	X
	
	
	

	Koenemann, Robertson (‘91)  [62]
	X
	
	X
	
	
	

	Gellenbeck and Cook (‘91) [59]
	X
	X
	
	
	
	

	Davis (’91) [56]
	X
	X
	X
	
	
	

	Corritore and Weidenbeck (‘91) [50]
	X
	X
	
	
	
	

	Boehm-Davis et al. (‘92) [48]
	X
	X
	
	
	
	

	Von Mayrhauser and Vans (‘93) [79]
	X
	X
	
	
	
	

	Von Mayrhauser and Vans (‘94) [80]
	X
	X
	
	
	
	

	Boehm-Davis et al. (‘96) [47]
	X
	X
	
	
	
	

	Chatel and Detienne (‘96) [49]
	
	
	X
	
	
	

	Von Mayrhauser and Vans (‘97) 
	X
	X
	
	
	
	

	Shaft and Vessey (‘98) [75]
	X
	X
	
	X
	
	

	Von Mayrhauser and Vans (‘98)  [82]
	X
	X
	
	
	
	

	Good (’99) [16]
	X
	X
	
	
	
	

	Ramalingam, Weidenbeck (‘97) [72]
	X
	X
	
	
	
	

	Davis (’00) [57]
	X
	X
	
	
	
	

	Corritore and Weidenbeck (‘00) [51]
	X
	
	
	
	
	

	Burkhardt et al. (‘02) [22]
	X
	X
	
	
	
	

	Crosby et al. (‘02) [53]
	
	
	
	X
	
	

	Rajlich and Xu (‘03) [71]
	X
	X
	
	
	
	

	Buckley and Exton (‘03) [24]
	X
	X
	X
	X
	
	X

	Xu and Rajlich (‘04) [23]
	X
	X
	X
	X
	X
	X

	Hughes and Buckley (‘04) [61]
	X
	X
	
	
	
	

	O’Brien et al. (‘04) [66]
	X
	X
	
	X
	
	

	Xu et al. (‘05) [25]
	X
	X
	X
	X
	X
	X

	O’Shea, and Exton (‘05) [67]
	X
	X
	
	
	
	

	Lahtinen (‘07) [26]
	X
	X
	X
	X
	X
	X
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Bloom’s Taxonomy Classification – Coding Manual

The Bloom’s taxonomy classification is used to code statements on the basis of the level of understanding they contain. Below, the categories that make up the classification are described and examples of each are given. 

Categories

Evaluation – “Making judgements about the value of ideas, works, solutions, methods, materials etc.” (Bloom, 1956) This is where the programmer makes judgements on the code or the system as a whole. This will be displayed by the programmer giving an opinion on the way code is structured, the way a program has been solved or passing judgement on characteristics of the system in general. The easiest way to identify this level is in the explicit use of quality attributes by the programmer. 

Examples

· so the best way to test this out is to go in and change people’s details

· MCSAP4 is fine
· The main program that needs to be 100% correct
· Which we entered in as single, which is correct
Analysis – “Analysis emphasizes the breakdown of the material into its constituent parts and detection of the relationships of the parts and of the way they are organised” (Bloom, 1956). This can be related to where a programmer is attempting to understand the relationships in a software system or program. The programmer may refer to delocalised elements and may specifically discuss them in terms of something encompassing such as the systems functionality or architecture. In the think-aloud data this could be seen when there are references to the relationships between programs or data, and where delocalised elements are spoken about or referred to. There are also Analysis instances where a programmer has an expectation of the code. This can be categorised as Analysis because the programmer is recognising the relationships between the program they are working on and previous elements of information (similar programs, the domain). They are then using this relationship to form expectations of the code. 

This classification can be confusing when the programmer is talking about a program being called by the code they are viewing. In this situation, if it is obvious that the programmer is reading this information from the code then the utterance should be classified as knowledge, however if it is not just being read from the code, (for example if it is something that the programmer is expecting to see) then it should be classified as analysis.  

It is also quite easy to confuse this category with the comprehension category. Comprehension, in the context of Bloom’s taxonomy, is where the programmer builds up an idea of the functionality from studying the code and so works from the code (bottom) to the domain functionality (up). The utterance thus may reflect a mapping from code to functionality but is based on comprehension and is not analysis. So, Bottom-up episodes are symptomatic of comprehension whereas top-down episodes are symptomatic of analysis.

Examples

· and we should have seen a reference somewhere for MCSAM4

· it also doesn’t refer back to the audit trail

· which is linked into about 10 programs

· there are 10 programs that update the clients’ index information

· The religious field which is no longer updated on the system

Application – This is when a person takes their understanding of a communication and uses it to make changes to the communication. The evidence of this level would appear in the think-aloud data as a programmer talking about what has to be done to the code, what is going to be done to the code, or what they are doing to the code. It was decided in the refinement of this level of the schema, that any discussions of discarding possible changes to the code would also be considered as Application level cognition, as the same level of reasoning applies. This is because it shows that the programmer is using the Knowledge and Comprehension they have built up about the program to be able to decide what would not work as well as what would work when applied to the code base. When analysing the think-aloud data, an utterance can only be categorised as Application if it relates to making a change to the actual code. It cannot be used if the data is referring to entering information so that a program can run or entering test data. That is, care must be taken to ensure that the communication (the code itself) is being affected, not the data set used by the communication. 

Examples

· and I’m going to insert a trigger underneath it

· so I’m typing in varchar CCIN, the PNO number, comma, ah, zero

· we didn’t need a trigger here

Comprehension – “Comprehension includes those objectives, behaviours, or responses which represent an understanding of the literal message contained in a communication.” (Bloom, 1956). This is where the programmer is attempting to understand the code In the think-aloud data this could be represented by a programmer attempting to understand the code in a more general nature than a line-by-line basis. So, this is where a programmer would use their Knowledge of the code to build a more complete picture of what the code does overall. This could be seen in programmers talking about code in general terms rather than referring to particular items present in the code. If the program is being summarised or actions performed by the code are identified in terms of their algorithm then this demonstrates Comprehension. In order for something to be categorised as Comprehension the generalisations about the code must be kept within the bounds of the program that is being currently focused on. 

Examples

· The second section of code is to put out an updates for surname

· Where it does the update to the audit trail

· Now the program will bring me up a list of clients

· A program that removes medical cards for people over the age of 18

· Reads the change for new medical number from the outline

Knowledge – “Emphasizes the remembering, either by recognition or recall, of ideas, material, or phenomena.” (Bloom, 1956). This is where the programmer is gathering a good working knowledge of the code. When looking at think-aloud data this could be shown by reading statements, recognition statements or when the programmer is referring to specific items within the code itself, such as a particular variable. These recognition statements can be identified by the programmer using the definite article “the” before a program name of a variable name

Examples

· OK, now load up the C01UPR8

· And then I’m going into community care index facility

· Inserting the client’s surname, forename, and the client’s date of birth

· It has stepped into a loop, a count loop

· Surname wasn’t changed

· so I'm just going to load up MCSMM run

· And check for the ACU

Coding Manuals

The following sections describe how to code talk-aloud data in terms of Bloom’s taxonomy classification. It is assumed that the coder has read through a description of the Bloom’s taxonomy classification scheme and is familiar with the general distinctions between the categories.

The Coding Process

Before coding, the utterances should be segmented, dividing the utterances up into short phrases consisting of a subject and a predicate. The segment to be coded should be placed in the first column of the table, the code itself will be inserted in the second column. 

Coding can either be carried out sequentially (line by line), or by category, i.e. by several passes through the utterances in order to identify all segments of a particular type. 

If an utterance does not fall into one of the five categories then it may be marked as uncoded. Other reasons that some utterances may go uncoded is if they are incomplete or unclear. The programmer could be talking about what he is doing on the computer, talking about exiting or entering programs, searching programs. Talking about tasks that are not changing the code and are not end-user tasks. The programmers own thought processes should not be coded either e.g. “reading through the code”. Utterances that are outside the scope of the test e.g. talking about questions he answered on the phone or on the help-desk can also be placed in the bucket category. Also, when a programmer is talking about “editing” a program, they may not be actually making a change to the code, they may just be using the editing facility. If so it can be placed in the bucket category. 

When considering the coding of utterances it is acceptable to refer to two utterances previous to the one being coded in order to gain context for the coding. 

Decision Process for Information Types Coding









Evaluation





Judgements are being made on the code or the system








yes





Hints: 	adjectives


	opinion








no





Talking about delocalised elements especially in terms of something like the systems functionality. Having expectations of the code. Mapping functionality to the code. Aggregate relationships not just single variables.





yes





Analysis





Hints: 	Referring to global things. 


Actively looking for references to other programs or elements











Hints: 	talking about a task that has been performed. 


Updates, adding in code. 








yes





no





yes





Reading out line of code. Referring to specific variables in the code or using program names





yes





yes





Summarising pieces of code. Talking about the actions performed in the code. Explaining what something does or why it is coded a certain way





no





no





Making an actual change to the code or talking about making a change to the code. Explaining why a change wasn’t made





Hints: 	Mapping code to functionality.


Talking about sections of code








Hints: 	using the word “the” before variable names. 


Cannot be aggregate variables or global variables








no





Cannot be categorisied





Uncoded





Knowledge





Comprehension





Application








