Tw o-Dimensional P ositioning as Visual Thinking Shingo T ak ada 1 , Y asuhiro Y amamoto 2 , and Kumiy o Nak ak o ji 2 3 4 1 Keio Univ ersit y , Y ok ohama, 223-8522, Japan mic higan@ics.k eio.ac.jp 2 Nara Institute of Science and T ec hnology , Nara, 630-0101, Japan f y asuhi-y , kumiy o g @is.aist-nara.ac.jp 3 SRA, Inc 4 PRESTO, JST Abstract. P eople dep end on v arious external represen tations in v arious design situations. These external represen tations are necessary at the time of creation in early stages of a design task, as they help the designer visualize what they are thinking and con tin ue with their task in the pro cess of re ection-in-action. Designers in domains suc h as arc hitecture ha v e dra wn diagrams, or sk etc hes, as the external represen tations. W e tak e writing and programming as t w o example domains, and argue that two-dimensional p ositioning serv e the same purp ose for these domains as diagr ams do for arc hitectural design. W e describ e t w o to ols, AR T for writing and RemBoard for comp onen t-based programming, whic h help writers or programmers visualize what they are thinking through p ositioning parts of writing or soft w are comp onen ts on a t w o-dimensional space. W e examine the issues that are necessary for this, and explore ho w they w ere handled in the t w o to ols. 1 In tro duction Design o ccurs in the �rst stages of an y construction of artifacts. The design task has b een c haracterized as ill-structured [9], and the problem and solution co- ev olv e, going through a pro cess of \re ection-in-action"[7]. Rather than pre-plan what to do during a design task, the designer is engaged in a cycle of pro ducing a represen tation (e.g. a sk etc h) and re ecting on them. The represen tation serv es as a \situation" that talks bac k to the designer, through whic h the designer asks: { what \parts" are missing; { ho w m uc h the designer is \sure" ab out a newly created part; { what the role of this newly created part is in terms of the whole design; { what the role of this newly created part is in terms of the other parts; and { whic h direction the whole design is mo ving to w ard and whether the direction is in accordance with the in ten tion b ehind the design. The represen tation is useful only for the designer him/herself at the time of its creation [4]. The designer is free to mak e con v en tions that only has meaning to him/herself. Of course, in some cases, the represen tation ma y b e in tended for other p eople suc h as the designer’s clien t. But while the actual w ork (design) is going on, the represen tation is only for the designer and not for other p eople, and as a result if a design-in-pro cess is seen b y other p eople, the represen tation ma y b e in terpreted di�eren tly from what the designer had in tended [4]. This represen tation has b een called an externalization of what the designer is thinking [1], or put another w a y the curren t situation of the design task. Accord- ing to Bruner, the externalization of what the designer is thinking is imp ortan t b ecause it \r elieves us in some me asur e fr om the always di�cult tasks of ‘think- ing ab out our own thoughts’ while often ac c omplishing the same end. It emb o dies our thoughts and intentions in a form mor e ac c essible to r e e ctive e�orts" [1]. This suggests that the form that the externalization tak es is imp ortan t. If the externalization do es not tak e a suitable form, then it do es not help with ‘thinking ab out our own thoughts’ . In man y domains, suc h as arc hitecture, externalization has often tak en the form of sk etc hes, whic h can b e though t of as a t yp e of diagram that is done roughly and will b e elab orated later. Designers will mak e sk etc hes of what they are thinking, re ect on it, and then mak e c hanges as necessary . The sk etc h b ecomes \a sort of hyp othesis or ‘what if ’ to ol" [4]. In other domains or situations, it ma y b e more or less di�cult to conduct a con v en tional sk etc h. F or example, consider the situation where someone is writing a do cumen t. The writer already has parts of the do cumen t t yp ed in to a computer and w an ts to use it. Ho w can the writer \sk etc h" the do cumen t using those existing text fragmen ts? Consider another situation where someone is writing a program using a v ast library of soft w are comp onen ts to c ho ose from. Ho w can the programmer mak e a \sk etc h" of the program while k eeping in mind the v arious alternativ es that ma y arise while searc hing for soft w are comp onen ts to use? W e consider the t w o domains of writing and comp onen t-based programming, and argue that t w o-dimensional p ositioning can serv e the same purp ose for these domains as \sk etc hes" do for arc hitectural domains. W e describ e t w o to ols { AR T for writing and RemBoard for comp onen t-based programming { that help designers visualize what they are thinking b y p ositioning parts of their tasks on a t w o-dimensional space. The rest of this pap er �rst b egins with an o v erview of wh y writing and pro- gramming need supp ort for a form of \sk etc hing". W e compare these with solv- ing a jigsa w puzzle, and con tend that t w o-dimensional p ositioning can serv e as a \sk etc hing" to ol. Section 3 then describ es the t w o to ols (AR T and RemBoard), and ho w they help ed users in their tasks. Section 4 discusses issues concern- ing ho w visualization is supp orted in the t w o to ols. Section 5 mak es concluding remarks. 2 W riting, Programming, and Jigsa w Puzzle W e consider writing and comp onen t-based programming as t w o domains that need some form of \sk etc hing". W e compare it to solving jigsa w puzzles, and con tend that t w o-dimensional p ositioning can serv e as a \sk etc h". 2.1 W riting Designing in writing has con v en tionally tak en place as making an outline of the do cumen t to b e written. This tak es the p osition that one �rst iden ti�es a stable structure, then gradually elab orates it from c hapter to section to paragraph to sen tence. With the proliferation of computer to ols suc h as w ord pro cessors, problems ha v e arisen mainly resulting from the ease with whic h text can b e c hanged [13]. F or example, writers will start t yping (writing) a paragraph, but b ecause a w ord pro cessor is used, they can easily cut-and-paste parts of that paragraph, or cop y v arious notes from previous w ork. They ma y do this ev en though they ma y not understand ho w the parts can b e connected, or ho w the parts can b e put together. The writers engage in a trial-and-error pro cess of trying v arious com binations and organizations of written pieces, and see if they can mak e sense out of them. They will explore what p osition the curren t piece can ha v e within the whole do cumen t, what pieces need to b e mo di�ed, and what has and has not y et b een written, etc. The do cumen t con ten t itself is not the only information that is imp ortan t, but information that p ertain to the state of the do cumen t and its structure, whic h Kin tsc h and v an Dijk called meta-commen ts, also pla y a role in writing [3]. Th us writers will need to b e able to visualize v arious factors concerned with the curren t situation, i.e. they will need some metho d of \sk etc hing". 2.2 Comp onen t-based Programming Comp onen t-based programming is a paradigm where programmers will dev elop soft w are b y \gluing together" v arious comp onen ts (or program parts). The task basically consists of (1) �nding the necessary comp onen ts, and (2) making the \glues" necessary to put together the comp onen ts. W e fo cus on the former. The searc h for necessary comp onen ts in comp onen t-based programming is critical as they are the building blo c ks for the program. Programmers ho w ev er ma y not necessarily kno w exactly what t yp e of comp onen ts are needed. Al- though they will at least ha v e conceptually top-lev el requiremen ts de�ned for the program, they ma y not kno w the details. The programmers will engage in a trial-and-error pro cess of searc hing for comp onen ts that can b e used in their program. This pro cess is complicated b e- cause the programmers cannot decide whic h comp onen ts to use unless they fully understand their detailed b eha vior. F urthermore, unlik e con v en tional program- ming paradigms, the comp onen t pac k age 1 has an a�ect on what the programmer 1 A comp onen t pac k age is a library that con tains the soft w are comp onen ts from whic h the programmer c ho oses to build soft w are.

will mak e at the detailed lev el. Comp onen ts in a certain pac k age ma y mak e cer- tain requiremen ts p ossible (or imp ossible) to implemen t, further complicating the decision of c ho osing a comp onen t. McKinney w en t as far as to sa y that the comp onen t pac k age should \driv e y our requiremen ts allo cation" [5]. Th us, the programmers will need to remem b er in termediate searc h results, i.e. in order to con tin ue searc hing, the programmer will need to b e able to k eep trac k of what he/she needs, what he/she curren tly has, and the relationships b et w een what he/she has. In other w ords, the programmer needs some metho d of \sk etc hing", allo wing them to visualize the curren t situation. 2.3 Jigsa w Puzzle W e can view b oth writing and comp onen t-based programming as solving a jigsa w puzzle. A p erson solving a jigsa w puzzle needs to try v arious com binations of pieces, but needs to see at eac h instance the state of the task, e.g. what has b een �nished, what pieces need to b e considered, etc. By b eing able to see the curren t state, the p erson can consider the next step to tak e. Through this pro cess, he/she will obtain a coheren t whole, i.e. a completed puzzle. As w e describ ed ab o v e, a writer ma y ha v e sev eral written pieces in hand and need to explore ho w they can b e com bined, what needs to b e mo di�ed, etc. The writer can only do this exploration if he/she can see the curren t state. Through seeing the curren t state, the writer can decide on for example what c hanges to mak e, ultimately resulting in a coheren t whole, i.e. a do cumen t. Similarly , a programmer ma y need to searc h through a library of comp o- nen ts to dev elop a program. He/she will need to k eep trac k of what t yp e of comp onen t is needed, what he/she already has, and the relationships b et w een what he/she already has. This will let the programmer con tin ue searc hing for other comp onen ts, un til the goal is reac hed of obtaining a coheren t whole, i.e. a program. Of course there are di�erences b et w een writing, programming, and solving jigsa w puzzles, and w e will discuss the di�erences in Section 4. 2.4 Tw o-Dimensional P ositioning W e c haracterized writing and programming to b e similar to solving a jigsa w puzzle. W riters and programmers need to �t the v arious pieces together so that the do cumen t or program will b ecome a coheren t whole. P eople solving a jigsa w puzzle will often use some space suc h as a table, and put pieces on it according to some meaning. F or example, if a p erson thinks that a piece corresp onds to a certain part of the picture, that p erson will lik ely place it at a corresp onding place on the table. Other pieces ma y b e group ed together according to its color, or whether it is a side piece. The p ositioning of the pieces has some meaning that will help the p erson solv e the puzzle. Muc h lik e p ositioning puzzle pieces on a table will help solv e a jigsa w puzzle, w e tak e the approac h of p ositioning elemen ts in a t w o-dimensional space as a means of visualizing the curren t situation. Elemen ts corresp ond to the pieces in the jigsa w puzzle. F or writing, elemen ts are \parts of writing": phrase, sen tence, paragraph, section, etc. In comp onen t-based programming, the elemen ts w ould b e the soft w are comp onen ts themselv es. According to Shipman et al [8], p eople use the visual and spatial c haracteris- tics of graphical la y outs to express relationships b et w een icons and other visual sym b ols. Th us, p eople can p osition elemen ts in a t w o-dimensional space to help visualize and understand their curren t situation, from whic h they can re ect and con tin ue with their task, m uc h lik e sk etc hes in the arc hitectural domain. W e next describ e the t w o to ols w e ha v e dev elop ed for writing and program- ming. 3 Tw o T o ols { AR T and RemBoard W e describ e the t w o to ols that w e ha v e dev elop ed for the writing and program- ming domains. W e also describ e ho w users w ere able to use them to visualize and understand the curren t situation. 3.1 AR T Fig. 1. AR T The AR T system [12] [6] (Fig. 1) supp orts do cumen t construction as a de- sign task allo wing users to p osition segmen ted text as \elemen ts" in a t w o- dimensional space. An elemen t is an y unit that writers c ho ose to think of as one, suc h as a phrase, a sen tence, a paragraph, or a longer piece of text.

System Ov erview The AR T system consists of the follo wing three main parts: Elemen tsMap, Elemen tEditor, and Do cumen tView er. Elemen tsMap (Fig. 1 (b)) is a t w o-dimensional space that graphically displa ys elemen ts that comprise the do cumen t. Eac h elemen t is represen ted as an icon. An icon do es not sho w the en tire con ten t of the elemen t, but only the �rst ten p ercen t of the elemen t’s text; therefore, the size of the elemen t b o x corresp onds to the size of the actual elemen t (unless the user resizes the b o x). A user can freely c hange the p osition of elemen ts b y p oin ting and dragging icons on Elemen tsMap. Elemen ts can b e created and edited with Elemen tsMap and Elemen tEditor (Fig. 1 (c)). The Elemen tEditor comp onen t is a text editor for the con ten ts of an elemen t pro viding editing functions suc h as cut, cop y , paste, and \spin o�," whic h divides one elemen t in to t w o. Selection of an elemen t in Elemen tsMap allo ws a user to mo dify the con ten t of the elemen t in the Elemen tEditor. When nothing is selected in Elemen tsMap, a user can edit text in Elemen tEditor and create a new elemen t b y p ositioning the newly created icon in Elemen tsMap. Tw o or more elemen ts can b e merged b y selecting m ultiple elemen ts on Elemen tsMap. One p oin t of note is that an elemen t’s v ertical p osition in the Elemen tsMap is in terpreted as corresp onding to its p osition in the do cumen t sequence, and the Do cumen tView er (Fig. 1 (a)) comp onen t displa ys the actual con ten t of the do cumen t b y sequen tially scanning the elemen ts displa y ed in the Elemen tsMap from top to b ottom. Th us, a user can freely c hange the order of elemen ts in the whole do cumen t b y c hanging the v ertical relationship of elemen ts in Ele- men tsMap. P ositioning c hanges and con ten t c hanges made in Elemen tsMap and Elemen tEditor are automatically re ected in all three parts. Visualizing the Curren t Situation The AR T system pro vides three t yp es of \views" to understand the curren t situation. The Elemen tsMap pro vides an o v erview of the en tire situation, while Elemen tEditor pro vides details of eac h elemen t. The Do cumen tView er displa ys the con text of the elemen t with details of neigh b orho o d elemen ts. The three views are in tegrated and c hanges made in one view are dynamically re ected on the other views. User studies [6] ha v e sho wn that p ositioning on the Elemen tsMap is the core of using the system. F or example, one sub ject placed elemen ts in the b ottom righ t corner of the Elemen tsMap. This let the sub ject kno w that those elemen ts needed further w ork. The sub ject to ok one of those un�nished elemen ts, made mo di�cations, and then placed them with other elemen ts that already had some w ork done on them. The sub ject w ould then rep eat this pro cess. Another sub ject made a set of elemen ts b e the same size and carefully aligned them; this w as to indicate that these elemen ts w ere \�nished". Still another sub ject made some elemen ts particularly larger than others so that it w ould \call for atten tion" later in the task. In one situation, a user felt that t w o elemen ts \should b e related to eac h other but I don’t kno w ho w they are related". Instead of aligning them, she o v erlapp ed them to let her understand what she w as thinking. In this w a y , eac h user visualized v arious situations in their o wn w a y to help them understand their curren t situation, and let him/her pro ceed with the task. 3.2 RemBoard Fig. 2. RemBoard RemBoard [10] (Fig. 2 (a)) is a to ol for remem b ering soft w are comp onen ts that ma y b ecome necessary while programming in the Smalltalk programming language. More precisely , the comp onen ts that RemBoard handles are classes , although RemBoard can also handle annotations. Smalltalk, whic h is an ob ject- orien ted programming language, allo ws programmers to reuse classes from a large class library . F or example, in the VisualW orks (Smalltalk) en vironmen t, programmers can exploit a library of more than 900 reusable classes, whic h helps increase program qualit y and pro ductivit y . Finding \necessary" reusable classes from the large library , ho w ev er, is c hal- lenging, making Smalltalk programming hard to learn for no vice programmers. It is not easy to understand the whole class hierarc h y , and ha ving a hierarc h y bro wser and k eyw ord matc hing retriev al mec hanisms are not enough for no vices b ecause it is di�cult for them to understand what retriev ed classes and metho ds

\really mean" [11]. There is a need for a mec hanism that allo ws Smalltalk pro- grammers to remem b er in termediate searc h results as one cannot decide whic h classes and ob jects to use unless one fully understands their detailed b eha vior. RemBoard pro vides a represen tational medium for suc h programmers to remem- b er what has b een retriev ed. System Ov erview RemBoard is a to ol that is added on top of the VisualW orks (Smalltalk) en vironmen t. RemBoard is a free t w o-dimensional space where pro- grammers can place elemen ts, whic h are classes. V arious op erations can b e p er- formed directly on elemen ts displa y ed on RemBoard. Users can put classes on RemBoard b y using a windo w to directly input the class name (Fig. 2 (d)) or b y cop ying from a Smalltalk to ol, suc h as an editor (Fig. 2 (e)) or a to ol sho wing searc h results. Recorded classes are sho wn as icons on the t w o-dimensional space with the class name as its lab el. Users can also place their o wn annotations on the t w o-dimensional space. Users can mo v e, delete, or duplicate elemen ts on RemBoard. RemBoard also allo ws users to directly p erform op erations on iconized classes that are necessary for a programming task: for example, to op en an editor (Fig. 2 (e)) on a class, or to sho w commen ts that w ere attac hed b y the original pro- grammer (Fig. 2 (f )). Visualizing the Curren t Situation RemBoard uses a t w o-dimensional space to express relationships among the recorded classes. In the user studies [10], w e ha v e found that sub jects used p ositioning of elemen ts on RemBoard to visualize classes that are under consideration for the task, classes that w ere though t to b e \related" to those classes, and the relationships among these classes. In one situation, a user p ositioned a class b elo w another class to sho w in- heritance (the relationship b et w een ImageReader and BMPImageReader in Fig. 2 (a)). This let the user visualize that BMPImageReader inherits v arious states and b eha vior from ImageReader , and could k eep this in mind while con tin uing his task. In another situation, a class w as placed far from other classes to sho w that it w as not directly related to the other classes but w as deemed imp ortan t to remem b er ( OpaqueImage in Fig. 2 (a)). In terestingly , the ab o v e t w o situations w ere taking place sim ultaneously within a single t w o-dimensional space without causing an y confusion for the sub ject. When the programmer is understanding the situation, the \meaning" of the p ositioning dep ends on what part of the space the programmer is lo oking at. 4 Discussion W e ha v e compared writing and comp onen t-based programming with solving a jigsa w puzzle, and m uc h lik e using a table to solv e a puzzle, w e used a t w o- dimensional space to visualize and understand the curren t situation, i.e. the t w o-dimensional space serv ed as a means for \sk etc hing".

There are a few imp ortan t di�erences b et w een an actual jigsa w puzzle and writing (or programming): 1. An actual jigsa w puzzle has all the pieces necessary to mak e the jigsa w puzzle. In writing and programming, not all pieces ma y exist. The writer (or programmer) will need to mak e new pieces as necessary . 2. An actual jigsa w puzzle will not ha v e an y unnecessary pieces. This is also not true with writing and programming. The writer (or programmer) ma y ha v e pieces at hand, but they ma y actually not need it. 3. No c hanges are necessary for pieces in an actual jigsa w puzzle. W riters (or programmers) ma y need to mak e c hanges to parts of text (or soft w are com- p onen t) so that they will �t. 4. An actual jigsa w puzzle will ha v e a picture of what the completed puzzle will lo ok lik e. This also do es not hold for writing and programming. There ma y b e a conceptually top-lev el goal to w ork for, but there is rarely no detailed map from whic h to w ork with. 5. There will only b e one solution for a jigsa w puzzle, but a do cumen t ma y b e written in man y w a ys, and there ma y b e sev eral comp onen ts that can satisfy the requiremen ts for a program. In order to accoun t for these, the writer or programmer will need to b e able to: { mak e new elemen ts, { delete elemen ts, { edit elemen ts, and { see what they curren tly ha v e. W e further discuss these issues b elo w. The discussion is augmen ted b y results from user studies of the t w o to ols. 4.1 Ov erview of the User Studies In one AR T user study [12], three sub jects mo di�ed a collection of notes with no coheren t structure that concerned the usage of instrumen ts in a lab oratory . The sub jects’ task w as to mak e it in to a coheren t do cumen t. The initial \jigsa w puzzle piece" w as one elemen t holding all of the notes. In another AR T user study [6], a sub ject wrote an actual gran t prop osal based on three email discussions. In this case, the initial jigsa w puzzle pieces w ere three elemen ts, eac h corresp onding to one email discussion. In the RemBoard user study [10], three sub jects mo di�ed a small address b o ok application, so that the items displa y ed in the address b o ok (suc h as names and addresses) w ould b e aligned. The initial jigsa w puzzle pieces in the Rem- Board user study w as the four classes in the application. There w as also the basic class library pro vided b y the VisualW orks (Smalltalk) en vironmen t. Ov erall, the t w o-dimensional space pro vided b y AR T w as used more fre- quen tly than in RemBoard. This could b e attributed to the fact that AR T is a stand-alone to ol while RemBoard is an add-on to ol. The t w o-dimensional space in AR T is the most in tegral part and the user has to use it to conduct his/her task 2 . On the other hand, RemBoard is an add-on to ol and the programmer can write a program without using it. 4.2 Adding, deleting, and editing elemen ts The �rst three issues of adding, deleting, and editing elemen ts w ere implemen ted in b oth AR T and RemBoard. Although elemen ts in b oth AR T and RemBoard could b e deleted b y c ho osing the elemen t, and then c ho osing \delete" or \cut" from a p op-up men u, the implemen tations of adding and editing elemen ts w ere done di�eren tly . AR T elemen ts are added and edited b y using the Elemen tEditor and Ele- men tsMap, i.e. these t w o functions are completely in tegrated within AR T. On the other hand, RemBoard elemen ts are added b y using a windo w to directly input the class name or b y cop ying from a Smalltalk to ol. Elemen ts are edited b y op ening a Smalltalk editor. Since RemBoard is added on top of the VisualW orks (Smalltalk) en vironmen t, these t w o functions are done using the to ols pro vided. This is also a re ection of RemBoard b eing a to ol that sup- p orts the searc h for necessary comp onen ts, and not a standalone programming en vironmen t. There is another signi�can t di�erence b et w een AR T and RemBoard. An AR T elemen t can b e split in to m ultiple elemen ts, and m ultiple elemen ts can b e merged in to one elemen t. A corresp onding op eration do es not exist in RemBoard. This is the result of the di�erence b et w een the gran ularit y of elemen ts in AR T and RemBoard. An AR T elemen t is a piece of text that the writer thinks of as \one", while a RemBoard elemen t is a class. In the AR T user studies, users w ere frequen tly found to split and merge elemen ts in to a gran ularit y whic h they felt w ere more useful for their curren t situation. 4.3 Seeing what they ha v e The fourth issue of seeing what the writer or programmer has is most critical. The writer or programmer do es not ha v e a complete image of what the do cumen t or program will b e lik e when �nished. F urthermore, there is no one correct solution for a do cumen t or a program; a do cumen t ma y b e written in di�eren t w a ys, and sev eral di�eren t comp onen ts ma y b e a v ailable as options, eac h of whic h satis�es the same requiremen ts. These p oin ts mean that understanding the curren t situation will ha v e m uc h more signi�cance in writing and programming compared to solving a jigsa w puzzle; the writer or programmer will ha v e to consider v arious options, eac h of whic h ma y b e correct, but \correct" in di�eren t w a ys. If the writer or programmer is not able to understand the curren t situation, he/she will not b e able to re ect on it and the design pro cess will not pro ceed 2 It is of course p ossible to mak e one large elemen t.

w ell. In other w ords, the externalization or visualization of the curren t situation did not go w ell, and the to ol w ould not function as a \sk etc hing" to ol. Expanding this further, the writer or programmer will need to b e able to kno w the follo wing three t yp es of information: { what elemen ts they are curren tly considering, { the c haracteristics of the elemen ts they are considering, and { the relationship b et w een elemen ts they are considering. They will further need to ha v e some freedom in b eing able to express the c har- acteristics and relationships. They should also b e able to see the en tiret y . Because the designer needs to consider man y disparate factors, they prefer to b e able to view sk etc hes without m uc h head or ey e mo v emen t [4]. This led to b oth AR T and RemBoard ha ving a \limited" t w o-dimensional space. It w ould ha v e b een p ossible to ha v e the t w o- dimensional space b e larger and ha v e scroll bars, but this w ould ha v e mean t that the designer w ould need to searc h within the t w o-dimensional space. W e no w consider eac h of the three t yp es of information that the writer or programmer will need to kno w, i.e. those that need to b e visualized. Elemen ts under consideration W e �rst consider the need to b e able to kno w what elemen ts the writer or programmer is curren tly considering. W e consider this from three viewp oin ts: lab els, elemen t size, and p ositioning. Lab elling is one w a y to di�eren tiate elemen ts, and th us b e able to kno w whic h elemen ts are under consideration. F or example, lab els of jigsa w puzzle pieces are �xed; it is the picture of the part it is supp osed to sho w. Lab els w ere handled di�eren tly for AR T and RemBoard. Since eac h elemen t in RemBoard is a class, the class name w as used as a lab el. It is a de�nite precise name. In con trast, no suc h lab elling is used in AR T. What the writer sees is the �rst ten p ercen t of the text in the elemen t (unless the writer resizes the elemen t). No explicit lab elling mec hanism w as pro vided in AR T b ecause eac h elemen t can b e though t of di�eren tly according to the con text. W e ha v e, ho w ev er, observ ed some users making a pseudo-lab el b y �tting the \lab el" in the �rst ten p ercen t of the elemen t’s text. Another w a y to kno w what elemen ts are under consideration is b y resizing the elemen ts. Both AR T elemen ts and RemBoard elemen ts are resizable. One AR T user resized sev eral elemen ts so that they w ould \call for atten tion" later in the task. Another AR T user had resized sev eral elemen ts to the same size to let him kno w that \those elemen ts are �nished". In terestingly , none of the RemBoard users in the user study resized an elemen t for a similar purp ose. Finally , a third w a y to di�eren tiate elemen ts under consideration is through p ositioning. Users can p osition elemen ts in a w a y so that elemen ts placed in a certain area need w ork, and others not. One AR T user put unelab orated ele- men ts at the b ottom righ t corner of the Elemen tsMap. In RemBoard, a user put unnecessary elemen ts in the top righ t corner 3 . 3 The user could ha v e deleted the elemen t but c hose not to b ecause he w as \unsure if

Characteristics of elemen ts Another t yp e of information necessary to kno w the curren t situation is to kno w c haracteristics of the elemen ts. Size and shap e are t w o example c haracteristics of a jigsa w puzzle piece. These t w o c haracteristics can b e used to �gure out if one piece �ts another. Unlik e jigsa w puzzle pieces, AR T and RemBoard elemen ts ma y c hange, and it can b e considered to b e useful if suc h c haracteristics could b e sho wn. W e consider four t yp es of c haracteristics: size, \last c hanged", complexit y , and origin of elemen t. Note that in a jigsa w puzzle, all four c haracteristics are �xed, i.e. puzzle pieces are of nearly the same size, they do not c hange, the complexit y of pieces in the same puzzle are the same, and all pieces come from the same jigsa w puzzle pac k age. Both AR T elemen ts and RemBoard elemen ts ha v e size as elemen t-sp eci�c c haracteristics. The t yp e of size in AR T is limited basically to n um b er of c harac- ters and n um b er of w ords. Although n um b er of sen tences is also p ossible, since an AR T elemen t do es not necessarily need to b e a sen tence, it ma y ha v e no meaning. Curren tly size in AR T is visualized b y ha ving the elemen t size b e large enough to sho w the �rst ten p ercen t of the elemen t’s text. In con trast, RemBoard elemen ts ha v e man y t yp es of size prop erties. They include n um b er of metho ds, n um b er of v ariables, and n um b er of lines. These also could b e visualized through elemen t size. The second c haracteristics \last change d" denote when that elemen t w as last mo di�ed. This can b e implemen ted similarly for b oth AR T and RemBoard. Color could b e used to sho w whic h elemen t w as c hanged last, next to last, etc. The third c haracteristics c omplexity can b e used for RemBoard elemen ts. Eac h RemBoard elemen t, or Smalltalk class, b elongs in an organized hierarc h y , whic h lets classes inherit b eha viors and states from other classes. Eac h class can also ha v e a use (or used) relationship with other classes. These inheritance and use/used information can b e used to compute the complexit y of a class [2], and then visualized through means suc h as color or size. Although it ma y b e p ossible to de�ne a similar measure for AR T elemen ts, it w ould basically b e a v ariation of the size c haracteristics. The fourth c haracteristic origin of element concerns where the programmer (or writer) \found" the elemen t. RemBoard is in tegrated within the Smalltalk programming en vironmen t whic h has an extensiv e class library , i.e. there is a large p o ol of comp onen ts from whic h to c ho ose. Although programmers will dev elop new classes, k eeping trac k of what classes ha v e b een found and ho w it w as found is imp ortan t. Without suc h information, the programmer ma y not b e able to, for example, redo part of a k eyw ord searc h. Th us, RemBoard elemen ts ha v e a feature where the programmer can see ho w it w as put on the RemBoard. F or example, if k eyw ord searc h w as used, the list of k eyw ords that w ere used to retriev e that class is sho wn as part of the lab el. Because programmers ha v e this information, they can go bac k and try other com binations of k eyw ords. On the other hand, there are no do cumen t database connected to AR T, and no information is stored (or visualized) concerning ho w an elemen t w as pro duced. Although writers can use do cumen ts from previous do cumen ts that they ha v e it really w as unnecessary".

used, m uc h of the text is written anew, esp ecially when compared to RemBoard elemen ts. In fact, no AR T users ha v e ev er expressed an in terest in a feature that w ould let them kno w ho w a certain elemen t w as pro duced. The ab o v e c haracteristics are of course not exhaustiv e and other c haracter- istics could b e b ene�cial. F or example, Y acoub et. al ha v e prop osed a set of features c haracterizing soft w are comp onen ts [14]. Relationship b et w een elemen ts Users will w an t to view man y t yp es of rela- tionships b et w een elemen ts. In jigsa w puzzles, the k ey relationship is its lo cation compared to the �nal pro duct. Th us, p eople will often put puzzle pieces where they think that piece will go, esp ecially if it is a side or corner piece. Relationships b et w een elemen ts in AR T and RemBoard are sho wn through the p ositioning in the t w o-dimensional space. W e ha v e already giv en t w o exam- ples of global relationships that w ere observ ed for AR T and RemBoard users: an AR T user put unelab orated elemen ts at the b ottom righ t corner of the El- emen tsMap, and a RemBoard user put unnecessary elemen ts in the top righ t corner. W e no w elab orate on other t yp es of relationships. Bet w een AR T and RemBoard, there is only one �xed relationship: the v erti- cal (or top-b ottom) orien tation in AR T. The top-to-b ottom ordering corresp onds with the order that the elemen ts are concatenated to obtain the do cumen t (whic h is sho wn in the Do cumen tView er). This can b e considered to b e a natural con- strain t, as a written do cumen t is read from top to b ottom. None of the AR T users ha v e ev er expressed a dissatisfaction with this �xed orien tation. Because of this top-b ottom constrain t, AR T users are basically left with the horizon tal (or left-righ t) orien tation to sho w v arious relationships. Some of the relationships that w ere observ ed w ere: { en umeration/itemization: A user p ositioned elemen ts at the same v ertical p osition, but used horizon tal p ositioning to sho w that they w ere items of a group. In terestingly , the same user used the v ertical relation to sho w the same thing in a di�eren t situation. She used a di�eren t w a y of visualizing the same relationship. { need for other elemen ts: A user put some space b et w een t w o elemen ts to sho w that he \needed to write something". { \closeness": All users tended to close the space b et w een elemen ts if he/she though t that those elemen ts w ere closely related in some w a y . RemBoard users expressed relationships suc h as the follo wing: { inheritance: A user placed one elemen t b elo w and to the righ t of another class; for example, BMPImageReader and ImageReader in Fig 2 (a). { use/used: A user placed elemen ts next to eac h other to sho w that one class used the other class. In terestingly , this w as not �xed to just v ertical or hor- izon tal p ositioning. A user w ould use v ertical p ositioning for one task but horizon tal for another. Also, the user w as able to remem b er righ t a w a y whic h class w as using the other class, without their b eing an explicit annotation describing it.

{ alternativ e: A user aligned alternativ es; for example, GIFReadW riter and JPE- GReadW riter is one alternativ e and GifImageStream and Jp egImageStream is another alternativ e in Fig 2 (a). { imp ortan t but not related: When a user found a class that he though t to b e imp ortan t but could not de�ne its relation with other classes already on RemBoard, he placed it far a w a y from those already on RemBoard; for example, OpaqueImage in Fig. 2 (a). Although this w as not observ ed, other relationships could also b e p ossible, suc h as aggregation whic h in ob ject-orien ted programming means part-whole rela- tionship. 4.4 Sk etc hing and Tw o-Dimensional P ositioning As w e discussed ab o v e, the t w o to ols serv ed as a means for the writer or pro- grammer to visualize their curren t situation. Tw o-dimensional p ositioning w as a critical comp onen t as it allo w ed the users to express relationships and c harac- teristics of the elemen ts. As with sk etc hing, the users had freedom in ho w they could express or visualize v arious situations { except for the v ertical relationship in AR T, they w ere free to p osition elemen ts in an y manner they w an t. Through visualizing the curren t situation, the users w ere able to re ect and consider what the next step should b e. F or example, the follo wing situations w ere seen in the user studies: { An AR T user con tin ually mo v ed an elemen t un til it reac hed a state that the user though t \correctly" sho w ed the relationship b et w een it and other elemen ts, i.e. she used the visualization to re ect on the design [6]. { A RemBoard user put on RemBoard an y classes whic h he though t migh t b e of use later. This help ed him visualize what p ossible com binations migh t b e p ossible in his programming task [10]. These observ ations from the user studies suggest that the t w o-dimensional p o- sitioning serv ed the same purp ose as sk etc hes in the arc hitectural domain. 5 Conclusion W e to ok writing and programming as t w o example domains, and describ ed t w o to ols { AR T for writing and RemBoard for comp onen t-based programming { that supp orts the writing or programming task. The k ey idea is that t w o-dimensional p ositioning can serv e the same purp ose in these t w o domains, m uc h lik e sk etc hes do in the arc hitectural domain, i.e. they serv e to visualize what the designer is thinking. W e made references to their similarit y with solving a jigsa w puzzle, and discussed ho w visualization o ccurred. There are v arious w a ys that a user can visualize a certain train of though t. W e need to k eep this in mind: certain visualization ma y actually hinder the user’s task. A mapping that is \natural" from the user’s viewp oin t is critical in an y t yp e of sk etc hing to ol. F rom this viewp oin t, the t w o to ols let users freely p osition and resize elemen ts; the users are the ones that map a certain situation or though t to a certain represen tation. The p o w er of attac hing meaning to a represen tation is a p o w erful one and should b e exploited to its fullest, just lik e sk etc hing in arc hitecture, AR T for writing and RemBoard for comp onen t-based programming. References 1. Bruner, J.: The Culture of Education. Harv ard Univ ersit y Press, Cam bridge, MA. (1996). 2. Chidam b er, S. and Kemerer, C.: A Metrics Suite for Ob ject Orien ted Design. IEEE T rans. on Soft w are Engineering. 20(6) (1994) 476{493. 3. Kin tsc h, W. and v an Dijk, T.: T o w ards a mo del of text comprehension and pro duc- tion. Psyc hological Review. 85(5) (1978) 363{394. 4. La wson, B.: Designing with dra wings. Ho w Designers Think: The Design Pro cess Dem ysti�ed. Arc hitectural Press, Oxford, MA. Chapter 14 (1997) 241{259. 5. McKinney , D.: Impact of Commercial O�-The-Shelf (COTS) Soft w are on the In- terface Bet w een Systems and Soft w are Engineering. Pro c. of 1999 In ternational Conference on Soft w are Engineering. (1999) 627-628. 6. Nak ak o ji, K., Y amamoto, Y., T ak ada, S., Reev es, B.: Tw o-Dimensional P ositioning as a Means for Re ection in Design. Conference on Designing In teractiv e Systems (accepted). 7. Sc ho en, D.A.: The Re ectiv e Practitioner: Ho w Professionals Think in Action. Basic Bo oks, New Y ork (1983). 8. Shipman, F.M., Marshall, C.C., and Moran, T.P .: Finding and Using Implicit Struc- ture in Human-Organized Spatial La y outs of Information. Human F actors in Com- puting System (CHI’95). (1995) 346{353. 9. Simon, H.A.: The Sciences of the Arti�cial (Third ed.). MIT Press, Cam bridge, MA (1996). 10. T ak ada, S., Nak ak o ji, K., and T orii, K.: Using 2D Space for Understanding What \Searc h Options" W e Ha v e T ak en in Exploring a Class Library . T ec hnical Rep ort ccc-98-9, Cognitiv e Science Lab, NAIST (1998). 11. T ak ada, S., Otsuk a, Y., Nak ak o ji, K. and T orii, K.: Strategies for Seeking Reusable Comp onen ts in Smalltalk. Pro c. of 5th In ternational Conf. on Soft w are Reuse. (1998) 66{74. 12. Y amamoto, Y., T ak ada, S., and Nak ak o ji, K.: Represen tational T alkbac k: An Ap- proac h to Supp ort W riting as Design. Pro c. of 3rd Asia-P aci�c Computer Human In teraction Conf. (1998) 125{131. 13. Williams, N.: New T ec hnology , New W riting, New Problems? In tellect Bo oks, Eng- land (1992). 14. Y acoub, S., Ammar, H. and Mili, A.: Characterizing a Soft w are Comp onen t. Pro c of In ternational W orkshop on Comp onen t-Based Soft w are Engineering. (1999) 151{ 158. This article w as pro cessed using the L a T E X macro pac k age with LLNCS st yle