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Abstract created many varied programming environments (for ex-
ample: Wright & Cockburn (2002), Cockburn & Bryant
Many researchers have developed many programming erf1997), Repenning (2000), and Gilligan (1998)). These
vironments for children. Typically each of these envi- environments use a wide variety of different techniques
ronments contains its own programming notation ranginganging from programming by demonstration environ-
from computer code to animated virtual 3D robots and inments, where the computer attempts to infer a computer
some case the notation consists of physical objects. Whilprogram based on user actions, to programming environ-
some of these notations were created by examining hownents where users must specify exactly what the pro-
children naturally describe computer programs, little re-gram is going to do at all times. The types of symbols
search has examined how children understand programssers manipulate when using these environment can also
written using these notations. Even less research has exary from programming environments where users ma-
amined how children understand programs written usinquipulate textual symbols to programming environments
multiple notations. where users manipulate physical objects. Although this
This paper describes an evaluation that compares howlethora of research includes many user-friendly program-
children can understand computer programs written usming environments (examples include Smith & Cypher
ing different programming notations: conventional code,(1999), Conway, Audia, Burnette, Durbin, Gossweiler,
English, or a combination of the two. The children were Koga, Long, Mallory, Miale, Monkaitis, Patten, Shochet,
about eleven years old and we measured speed in answestaak, Stoakley, Viega, White, Williams, Cogrove, Chris-
ing questions about computer programs and the accuradiansen, Deline, Pierce, Stearns, Sturgill & Pausch (2000),
of their answers. We found that children reading com-or Kahn (1999)), the primary programming environments
puter programs written in a conventional-style notationthat many users have access to are those that come with
were more efficient (faster with no reliable difference in their office suite: a spreadsheet and a word processor’s
accuracy) than children reading programs written in Endmacro language. In these environments users program
glish. Children with access to a combination of both nota-using textual symbols and a syntax close to what pro-
tions performed between the two other conditions. fessional programmers use. This provides motivation to
. ) teach people about conventional programming syntax and
Keywords: Programming languages, programming nota-semantics, and we believe the appropriate place to start
tion evaluation, children, multiple notations. teaching people about conventional notations is at school.
This paper describes an evaluation that examines how
different notations help children aged about eleven years
old understand and learn conventional-style syntax. It
| planned to test two hypotheses: that children understand
gomputer programs faster and more accurately when pre-
sented with an English representation of a computer pro-
functions to existing applications, designing and build-9ram and that children understand computer programs
written in a conventional notation faster and more accu-

ing custom applications, and contributing to community- : . .
based open-source projects. While these tasks are f4pt€ly when they have interacted with the conventional no-
beyond the everyday tasks a non-programming user pe ation previously. Taken together, these hypotheses would

forms, he or she may benefit from programming experi-ShOW that users of multiple notations understand code

ence while performing activities ranging from automatingfaSter and more accurately than users of conventional no-

repetitive tasks to modifying programs that they recei\,etatito?_s, with the advantage of learning the conventional
notation.

from (for example) web pages (JavaScript is often em- The evaluation produced an surprising result: children

bedded in webpages), word processors (generating macros : -
pages) b (@ 9 ould read and understand the conventional-style notation

?risel?]%sp[%%irgm gnn%atﬁg_ demonstration mechanisms), anqiasterthan they could understand code written in English.
Despite the usefulness of computer programming, onIyTL‘frﬁy‘ggt%ggisd.'ﬁ‘?:rgrrgﬁﬁ;?ez/cc#]rgcg\-/a-m;ig?}s?éturr]eéefﬁg?

: > ; ATe)
a small proportion of end-users have programming skills, st children preferred the English-like notation. These

To help end-users gain these skills, many researchers ha{/é® : Irec : .
results provide motivation for multiple notation program-

Copyright ©2005, Australian Computer Society, Inc. This paper ap- ming environments:; we can provide users with access to
peared at the 6th Australasian User Interface Conference (AUIC2005otha more efficient notation and a notation they prefer_
Newcastle. Conferences in Research and Practice in Information Tech-

nology, Vol. 40. M. Billinghurst and A. Cockburn, Ed. Reproduction

for academic, not-for profit purposes permitted provided this text is in-2  Motivation

cluded.

1 Introduction

Programming computers is a remarkably useful skil
Computer programmers can instruct their computer t
perform tasks including, but not limited to, adding new

Wright & Cockburn (2003) decomposed programming
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errors. In the reading, writing, and watching taxonomy,
there are two activities that aid program understanding:

. . _ ... _reading and watching.
Figure 1. Three fundamental programming activities

(reading, writing, and watching) and the three program-

ming gulfs (gulfs of expression, representation, and visu3: There are few evaluations of how people interact
alisation). with multiple representations of a computer program.

Little research has examined the effects of users reading
multiple notations, however much work has examined the
: X - “C effects on users of multiple watching notations: many pro-
ing programs, and watching programs run (shown in Figram isyalisation systems show program code and out-
ure[1). To recapitulate our previous work, writing is the o+ ang” provide mechanisms to help users link the two
process of converting an internal model of desired PrOvEllershaw & Oudshoorn 1994, Myers 1990), and some

gram behaviour into the symbols of a programming no~,ork has examined the effects of letting people write us-

tation. Reading is the process of parsing a programmin i ;

notation and creating understanding. Watching is the progi-hg multiple notations (Cockburn & Bryant 1997).

cess of creating programming understanding by viewing N ] )

either an animation of the notation or the behaviour speci4. The writing and watching tasks contain elements of
fied by the notation. An analysis of how notations are usedhe reading task.

in programming environments found that many environ\yhen users are writing code they must continually read
ments use different notations for different activities and nd revise their code o check for and fix syntactic and
some environments use different notations for the sam emantic errors. This means that we must e)\//aluate read-
activity (Wright & Cockburn 2003). The analysis also de- ing first; after knowing the effects of multiple notations on

ﬁgﬂgetg ;‘{gypsrég?;rin&/gdoggéwgir?;'ght use multiple nOta'reading we try to control the effects of reading and attempt

: - .- P luation of the effects of multiple notations on writ-

This paper describes an empirical examination on the heva " ;
effects of different notations on reading programming no-"9- tThE_Wart]Ch'”g task also C?”kt]"?“ns eIementst_of th? [[ﬁafj'
tations. There are two motivations for our experimentalIng ask. \r’]" €n users %rehwa Cd |n% an atr)ur_na lon © (ej'r
design. First, to control contributing factors, we only eval- Program they must read the code that is being animated.
uate one activity — the reading activity. Second, we want
to examine how well children can gain an understanding2.2 Teaching Conventional Code
of conventional-style syntax when using different (or mul-
tiple) notations.

into three fundamental activities: writing programs, read-

People who to have an understanding of conventional-
style code can achieve greater levels of efficiency because
] ) they are often confronted with notations designed for a
2.1 Evaluating Reading computer rather than a user. They might encounter these

To control contributing factors and reduce experimentalnOtatlons after demonstrating a macro to their word pro-

variance we evaluate one of our three fundamental progfrsosrorrﬁ(‘a"gg;nge;ogﬂlr% ér& sbpre:r(]jsehrﬁg'icls,so;tz\ﬁn \ﬂe\évs'ggs
gramming activities: the reading activity. Our argument to g y y .

; - ; ._understand what the notation means then users can per-
evaluate reading rather than writing or watching follows: form tasks ranging from understanding what went wrong

o o _ o to modifying and debugging their program.
1. Modifying an existing program is a prerequisite to We hypothesise that using multiple notations increases
writing a new program. user’s understanding of conventional notation. This eval-

. uation tests this hypothesis by dividing users into several
MacLean, Carter, @vstrand & Moran (1990) performed @ rqns and asking them several questions about static rep-

at the easiest level and gradually move up the scale. 1g
their taxonomy, program modification occurs before pro-
gram creation, meaning that users cannot create progra
unless they can successfully modify a program.

how users conventional-style versions of the computer

rogram, English-like versions of the computer program,
d both notations at the same time. In this way we can

equitably compare the effect of different notations on un-

derstanding of conventional code.

2. If users want to modify a program they must under-

stand the programming notation. 3 Experimental Description

Modifying a program risks creating syntactical and se- ) o
mantic errors. If a user does not understand a programEach of the forty-six participants, aged about eleven years,
ming notation, they will not have the skills to fix their was asked a total of twenty questions about four different



Conventional-style English-like

any PacMan.contactWith(any PowerPill) { whenever any PacMan touches any PowerPill:
the PacMan.power = 10; set the PacMan’'s power to 10
the PowerPill.remove(); remove the PowerPill

} end whenever

Table 1: Example procedure written in conventional-style and English-like notations

simulations. The evaluation was split into two phases. Fif- programming syntax. This hypothesis is backed up
teen questions were inteining phaseand five questions by research indicating that people naturally express
in atesting phase In the the training phase participants programs in English (Bruckman & Edwards 1999,
in different conditions used different computer interfaces, Miller 1981, Pane, Ratanamahatana & Myers 2001).
whereas in the testing phase all participants used the sam . : . " .
interface. The interf:gc% used inpthe trgining phase in thé'Flb' Children in the Multiple condition will complete
first Conventionatondition has the code is represented in ~ [@Sks faster and more accurately in the first phase than
a conventional-style syntax. In tfnglishcondition, par- participants in the Conventional condition. The par-
ticipants answered questions about the same simulations, ~ticiPants will be faster because the interface is provid-
but the code in the training phase was represented using an N9 @n English translation of the conventional code.

English-like syntax. The thirdultiple training interface The second set of hypotheses (H2a and H2b) exam-
combined the two notations in the training phase by placine how well participants learn conventional syntax. They
ing English-like representation in tool-tips (see Figure 2).predict that participants in the Multiple and Conventional
The Conventional and English conditions act as controlsgonditions will complete tasks faster and more accurately
ensuring that effects seen in the Multiple condition are dughan their counterparts in the English condition. This set
to users having access to both representations. _.__of hypotheses apply to data collected in the second (test-
Fifteen participants were assigned to each conditioning) phase.
unfortunately one participant in the Conventional condi- - : . . .
tion elected to stop her involvement in the evaluation. HefH12a: Participants in the conventional condition will com-
data were discarded and another participant was assigned Plete tasks faster and more accurately in the second
to the Conventional condition. phase than participants in the English condition. In
While the semantics of the two notations are similar ~ the second phase participants in the English condi-
to each other (and are based on the notation described by tion encounter conventional code for the first time.
Pane, Myers & Miller (2002)), the syntax of the two nota- We predict that the new syntax will hinder partici-
tions differ. An example program is shown in Table 1. pants’ speed at understanding computer programs.
To ensure the English-like and conventional-style notayop: participants in multiple condition will complete
tions were consistent we used Lex (a scanner generator)” {asks faster and more accurately in second phase than
and Yacc (a parser generator) to produce a program that  participants in the English condition. We predict that
translates any program written in the conventional-style  {he participants will be faster and more accurate be-

notation into the English-like notation. This transforma- cause they have interacted with conventional code
tion maps exactly one statement in the conventional-style  pefore.

notation to exactly one statement in the English-like nota-
tion. When examined together, these two sets of hypotheses

After answering fifteen questions about three visual(H1 and H2) predict that the multiple condition has the ad-
simulations in the training phase, all of the subjects, revantages of both the Conventional and English conditions.
gardless of their training condition, moved to the testing A further hypothesis, H2c, predicts that participants in
phase where they answered five additional questions abothe Multiple condition will complete tasks in the second
a different visual simulation. The interface used in thephase faster and more accurately than the other two con-
testing phase was the same as that used in the Convegitions. If correct, this hypothesis provides strong moti-
tional condition of the training phase. The testing phasevation to add multiple language support to programming
was shorter in order to control the amount that participant®nvironments.
learned during the testing phase. Switching from the thre . . . - " :
interfaces used for training to the one interface used fo?'ZC'Sepégﬂg'p?]rgsse'?aglglrt'glnedCrgg?ét'ggcnvr'gtglerft%gp] thaertic-
testing allows us to equitably compare how successfully ipants inpthe Conventional condition Par){ici an?s in
the participants learned conventional code based on the é) s : o pan

oth conditions have interacted with the conventional

interface they used in the training phase. notation as much as each other, but participants in the
multiple condition have had more help understanding
3.1 Hypotheses the conventional notation.

We have several hypotheses for this experiment. The _ _
first set of hypotheses (H1la and H1b) examine progran$-1.1 Hypothesis Failure

understanding—we predict that participants in the English ;1o (or more) of our hvpbotheses fail. we must adiust
and Multlplet Clorgﬁimons tW'.” Cotm'pltirt]e tcasks fe}'ster land our corgclusions?. An inte)r/[F))retation of the H2 set of Jhy-
more accurately than participants in th€ Lonventional Cony, n1heses fajling and the H1 set succeeding is that different
dition. This set of hypothesis only apply top data from theipnterface typesgaffect performance, but ngt learning. An
first (training) phase. interpretation of the H1 set of hypotheses failing and the

Hla: Children in the English condition will complete gz set succeeding is that different interface types affect

: " earning, but not performance. An interpretation of hy-
Eﬁ;lr(]s g?itceir :r?cg irr?(t)rgi %%%lf/r;t]%gng} (t;r(])?]Jiltrisotan/?/Z otheses failing is that the interfaces affect performance
predigt thisphypothesis will hold as children have and learning equally. Our evaluation is still useful if both

experience with English and not with conventional 3%’&?%}%?5&;' as we can determine which interface chil-



3 anguage Evaluatio :Te?s:ﬂl'!‘ happen to Pacman when the left key is

~ Pacman will move left

simulation.upKey() { ~- Pacman will move right
if {not pacman.below (any Wall)) { ~ Pacman will move up
pacman.mave{UP); & Pacman will move down
A v
} ™ .- Pacman will eat a power pill
} —
PACMAN ~- | am not sure
GHOST - |
simulation.downKey() { 1 _
It (not pacman.above(any Wall) )
pacman.move{ D OWH);
} GHOST e
} POWERPILL _, .
A A
simulation.leftkey () {
If (hot pacman.HghtOf{any Wall}} {
! ; GHOST
, pacman.move(LEFT); BOWERRIL
i !I
I — ——
simulation.rightkKey() {
if (nat pacman JeftOftany Wall}) { GHOST
pacman.move(RIGHT); [WERP ‘.‘-
}
} '~

any Packan.contactWith{any PowerFill) { | any PacMan.contactWith{any Ghost) { | simulation.everySecond() {
the Packan.power = 10; if (thePacMan.power > 0] { if (pacman.power =0 ) {
the PowerPill.remove(); the Ghost.remove(); pacman.pover = pacmanl .power - 1;
} }else { }
the PacMan.remove(); every Ghost.move(RANDOM});

} }

}

Figure 3: Single Notation Interface

3.2 Subject Details Training Phase _ _ _
Interface Conventional| English-like | Multiple

The experiment was conducted at three primary schools Participants| s1-s15, s46 | s16-s30 $31-s45
in New Zealand chosen to have students from a similar
socio-economic background. We asked the teachers to se- | Testing Phase _ - _
lect children who were in the middle of their class, based Interface | Conventional| English-like | Multiple
on math scores. The evaluation was run at the participant’s [ Participants| s1-s15,s46 | s14-s30 | s31-s45
schools in a quiet room. Participants were run sequen-

tially. The forty-six participants were allocated to one of . .

the%hree train)i/ng cgnditiopns, giving fifteen children per 1@ble 2: Experimental Design. There were two factors:

group, with gender balanced between conditions. Oné&°ndition (interface used in the training phase) and phase
child in the conventional condition ended her participa-({@ining or testing). Participant s46 ended her participa-

tion after answering seven of the twenty questions and hefon early and her data were discarded.

data were discarded. Approximately one third of partic-

ipants from each school were allocated to each trainin .. . .
cpondition. %artlupants had to predict program behaviour based on a

Our implementation of the multiple notation interface Static representation and a visual arrangement of agents.
used a transient notation that was shown in a tooltip. EacfPne of the questions is displayed in Figlife 3. We did not
tooltip provided an English version of one line of conven- US€ & think aloud protocol as we theorised that the cogni-
tional code. This approach is easy to integrate with othefve load of thinking aloud might interfere differently with
programming environments as it requires no additionafN€ cognitive load of reading and understanding the com-
screen real estate, and could also be used when browsif§!t€r programs in each condition.
literate programs by adding tool-tips that contain the docu-___After each phase, participants were asked to rate two
mentation associated with program regions (Knuth 1984)Statements on the Likert scale. The two statements were:
A snapshot of the tooltip is in Figufé 2. was confident with my answeandit was easy to complete

Approximately five minutes at the start of each eval-the tasks
uation was spent explaining the concepts behind visual
simulations and the experimental interface to the partic3.4 Apparatus
ipants. Each participant’s involvement in the experiment . ) ) )
lasted approximately twenty minutes. The experimental interfaces were implemented in Python

and the Tkinter user interface toolkit (Grayson 2000).
Participants used a IBM R50 laptop running Debian
3.3 Procedure GNU/Linux with a 15” LCD screen and a USB optical

We designed four static visual simulations of comparanOUse. The screen’s resolution was 10288. The inter-
ble complexity. Each simulation had seven rules and fivd@ce logged which questions each user answered correctly

questions. Each question could be answered using irf?" incorrectly and the time to answer each question.
formation from only one rule. To answer the questions,




Speed Accuracy Firet P
LOW ngh 76 —r H Second Phase
Low Over confidence; weak Understand domain well T 1 T
and incorrect mental weak but correct mental 1 T T
model; guessing model 57 L T 1 L
High Strong but incorrect ment Strong and correct mental _ L
tal model; participant not model 3
paying attention; lack of g s
confidence 3
2
19.
Table 3: Relationships between the dependent variables:
time to answer a question and the percentage of questions
answered correctly. T . .
nglish Multiple Conventional
TInterface used in First Phase
First Phase
46 T H Second Phase .
T T T Figure 5. Average accuracy taken to answer ques-
L T tions in the first and second phases. Error bars show
* L T standard error. There are no reliable effects of ei-
L L ther factor (phase: F(1,42)1.608, p=0.212, condition:

F(2,42)=0.030, p=0.971), but there is a marginal interac-

Seconds to answer question

- tion (F(2,42)-1.682, p-0.198).

" Training Phasd Testing Phase
English 6405.6 6008.1
Multiple 7154.6 5458.2

0 Conventional| 5904.9 6307.2

English Multiple Conventional
Interface used in First Phase

Table 4: Mean accuracies and standard errors of the three
Figure 4: Average time taken to answer questions inconditions in both phases. Neither factor produced a reli-
the first and second phases. Error bars show stargble effect in Anova but there was a marginal interaction.
dard error. There are reliable effects of both factorsThe values are graphed in Fig{ie 5.
(phase: F(1,4221.5, p<0.01, condition: F(2,423.60,
p<0.05), but no interaction (F(2,42P.47, p=0.63).

4 Results

3.5 Data Analysis 4.1 Time

The experiment was a analysis of variance for factorsAnova showed reliable effects for both phase and condi-

training condition and phase. Training condition was ation:

between-subjects factor with three leveSonventional ] - . )

English andMultiple. Phase was a within-subjects fac- Phase: Participants in the first phase were faster than par-

tor with two levels: training andtesting Table[2 shows ticipants in the second phase (a mean of 38.5 seconds
the design. This analysis was repeated for two dependent  fOr the training phase and 30.2 seconds in the testing

variables: time to answer a question and percentage of ~Phase: F(1,42)21.5, p<0.01).

questions correct. o Condition: Participants needed a mean of 28.0 seconds
The dependent variables provide insight into how par- to answer a question for the Conventional condi-

ticipants are answering the questions. For example, if a tion, 35.7 seconds in the Multiple condition, and

participant is taking a short time to answer the questions 39 3 seconds in the English condition (F(243)60
we can infer that they either have a strong mental model of p<'0.05). ’ '

what the code means, are just guessing, or are not paying
attention. A long time to answer questions could imply There was no reliable interaction (F(2,48).47, p=0.63).
that participants have a weak mental model of the codeThe values are shown in FigUrg 4.

participants are having to spend time reasoning about the
code. It could also mean that participants have a Iacl§1 > A
of confidence in their skills and are continually changing™ ccuracy

their mind. We can further determine how participants areanova detected neither reliable effects of either factor for
answering questions by examining their accuracy. The lethe dependent variable accuracy (phase: F(j;4$08’
lationships are shown in Tat{lé 3 - p=0.212, condition: F(2,42)0.030, p=0.971), nor any
We log transformed the time data to stabilise thejnteraction (F(2,42)1.682, p=0.198). Mean and stan-
variance (Ericsson 1974). Unfortunately we could notdard error values can be found following and in Figgre 5.
log-transform the accuracy data: six participants spread \We are encouraged by the marginal interaction
among conditions answered all questions incorrectly inNF(2 42)=1.682, p=0.198). This appears to occur because
the testing phase (the log of zero is undefined). ~Allparticipants in the Multiple condition are slightly more ac-
means and standard deviations we report are from the ragrate than the other two conditions in the training phase
data, whereag” and p values are taken from the log- put slightly less accurate than other conditions in the test-
transformed data. ing phase (see Figufe 5). Further research will investigate
this marginal effect.

4.3 Likert Questions

After each phase, participants were asked to rate two state-
ments on the Likert scale. The two statements wére:



| was confident with my answers conditions. There was no reliable difference in accu-

Condition Training Phase [ Testing Phase racy between any of the three experimental conditions
English 2 2 (F(2,42)=0.030, p=0.971).
Multiple 2 3 In the second phase, participants in the Conventional
Conventionall 2 1 condition were more confident with their answers than
other participants. Most participants who experienced dif-
It was easy to complete the tasks ferent interfaces (those in the English or Multiple condi-
Condition Training Phase | Testing Phase tions) preferred the interface with an English representa-
English 3 2 tion. Some patrticipants preferred having a Conventional
Multiple 3 3 interface as it made the questions “more fun”.
Conventional| 3 2

5 Discussion

Table 5: Medians for Likert questions. '1’ indicates that
the participant agrees with the statement, '5’ indicates tha
they disagree. A Kruskal-Wallis test corrected for ties
found only one of these differences is reliable: the first
guestion in phase twok was confident with my answers
(H=6.55, d=2, N1=N2=N3=15, p<0.05).

his evaluation was designed to examine two hypotheses.
he first hypothesis predicted that children aged eleven
years would answer questions about computer programs
written using an English notation faster and more accu-
rately than questions about computer programs written
without an English notation. The second hypothesis pre-
dicted that children who interact with a conventional-style
notation will be faster and more accurate at answering
guestions about computer programs than children who do
not interact with a conventional-style notation. The anal-
ysis of the data rejects our first hypothesis and marginally
supports our second hypothesis.

This rejection of the first hypothesis and the acceptance
of the second hypothesis mean that children are more ef-
ficient (when measured as time and accuracy) when un-
derstanding programs written in conventional code. We
believe children reading English code carefully parse the
English to construct understanding, while children read-
ing the conventional code scan over the code and gain
4.4 Comments from Participants enough understanding to answer the questions as accu-

. - rately as children reading English code.
After taking part, participants were asked for comments ~ The increase in efficiency from conventional code
about the evaluation. draws doubt of the usefulness of English-like notations
General Comments: four participants (spread amon of computer programs. We believe that English-like no-
dii . t%th P i npw re hard 9 tations are still useful: comments from the children in-
conditions) commented the questions were hard.  gicateq that they preferred using English-like notations,
English Condition: Ten of the fifteen participants in the and other research indicates that English-like notations are

English condition found the English code easier, onedseful for the writing activity (Pane et al. 2001, Miller
found the conventional code easier, and one found-981). However, English-like notations should only be
them about the same. However, one of the particilProvided in conjunction with a conventional-style nota-
pants who found the English notation easier also saidon-

they preferred the Conventional notation: they found . We found the Likert data intriguing. In the testing
it more fun because they had to think more. phase, children who used the Conventional condition were

most confident of their answers and children in the Multi-
Multiple Condition: Eleven of the fifteen participants in ple condition were least confident. This difference in con-
the multiple condition liked or found the tooltips use- fidence is reflected in the accuracy data: children in the
ful, however two participants said that it was more Conventional condition (who were the most confident) an-
fun without the tooltips (the tasks were more chal- swered a mean of 63% correetq.2); children in the En-
lenging). One participant said having the tooltips in glish condition answered a mean of 60% corred.();
the first phase helped them understand the code in thend children in the Multiple condition (who were least
second phase. confident in their answers) answered 54% correétZ).
. . ! . Unfortunately the difference in accuracy was not reliable
Conventional Condition: One of the fifteen participants (2 42)-0.030, p=0.971). One interpretation is that tak-
in the Conventional condition commented that thejng away a representation when a participant is used to
notation was confusing: that the lines between wordsmytiple representations is more damaging to confidence
ipant in the conventional condition mentioned they  These results provide confidence in the value of mul-
would like to see the programs run, and another mentjp|e representations. Multiple representations provide ac-
tioned it was easier than doing it on paper (we believecess to a more efficient representation (conventional code)
they were referring to answering the multi-choice while providing access to a preferred representation (En-
questions). One participant in the conventional con-y|ish).  However, we note that once users have access
dition pulled out of the evaluation after answering to multiple notations the notations should not be taken
seven questions as she found the questions too hargoway— although users should be able to view only one
We discarded her data. notation when they desire.

was confident with my answeasnd it was easy to com-
plete the tasksLikert-scale ratings for the three interfaces
were reliably different only for the first question in phase
two (Kruskal-Wallis test corrected for ties/#6.55, d=2,
N1=N2=N3=15, p<0.05): participants in the Conven-
tional condition were very confident with their answers
(median: 1), participants in the Multiple condition were
confident (median: 2) and participants in the English con
dition weren't sure if they were confident or not (median:
3). The other medians are shown in T&Hle 5.

4.5 Summary of Results 5.1 Limitations of Evaluation

Participants in the Conventional condition were fasterye identified four limitations of this evaluation. The first

than participants in the English condition (F(2.43)60, s that we only evaluated the reading task. The second is
p<0.05). The speed of participants in the Multiple that our results might not generalise to other populations
condition was between the Conventional and Englishang the third is that we used a reasonably small sample



size (46 participants). The fourth is that the number ofThis result also influences the design of programming en-
words in the English-like and conventional-style notationsvironments: because some users preferred just having the
was different. conventional notation, users of multiple notation program-
Only evaluating the reading task is a limitation becauseming environments should be able to turn one notation off.
we can not be sure that our results transfer to the writ-This design pointer is easily achieved when using tool-tips
ing or watching tasks: indeed there is other research into show the additional notation. The main limitation of
dicating children when unconstrained (they were describthis evaluation was that it only examined the reading task.
ing programs on paper with a pen) write programs in En-
glish (Pane et al. 2001, Miller 1981). Because children
naturally express programs in an English-like syntax We6'1 Future Work
would expect them to be faster when using that syntaxThere is much scope for future work. In particular, we
rather than using a conventional-style syntax. Howevereed to determine whether the children were faster be-
Wright (In Submission) argued that programming envi-cause there is less information to parse or because they
ronments should use a syntax-directed editor. Syntax dihave a stronger mental model. We also need to determine

rected editors constrain programmers and remove syntagvhether this difference in efficiency is present in our other
tical issues. We are unsure how the research on writing nawo programming activities: writing and watching. Par-
tations would apply when children are constrained: wherticular research questions include:

they writing programs using a syntax directed editor.

Another limitation is that our results might not gener-
alise to other populations. In this evaluation our partici-
pants were children aged 10 or 11 from three decile nine
primary schools in Wellington. Decile nine indicates that
the children are from high socio-economic afeagur-
ther research needs to predict how our result generalises to
children from different age groups, socio-economic back-
grounds, and different language backgrounds. We are also
unsure if these results generalise to adults: adults have
higher reading skills than children aged eleven so the parse
time of the English notation might not slow them down.

The third limitation is our small sample size: 46 par-
ticipants. This is a limitation because we might be making
a type-2 error (rejecting correct hypothesis due to large
standard error). We expect that some of our marginal
results might become reliable if the evaluation was re-
peated with more participants: in particular we expect that
the marginal interaction between phase and condition for
factor accuracy would become reliable (F(242)687,
p=0.198).

The final limitation is that the English-like and
conventional-style notations contained different numbers
of English words: the conventional notation had fewer
words (a mean of 84 words for the conventional-style ver-
sus a mean of 148 words for the English-like notation per7
simulation). An evaluation to mitigate this problem is pro-
posed in the future work section (Sectjon|6.1).

¢ Is the difference in efficiency due to a longer parse
time of English code, or is it due to a stronger men-
tal model? There are several ways to answer this
question. The first is to modify the English-like and
conventional-style notations so that they contain the
same number of English words and re-run the eval-
uation. The second is to re-run the evaluation using
adults. Adults can read English faster than children,
so the difference in parse-time should be less notice-
able. Re-running the evaluation with adults would
also tell us if the result transfers to adults.

e Does the difference in efficiency transfer to the writ-
ing and watching activities? To answer this question
we need to run evaluations concentrating on the ef-
fects of multiple notations on the writing and watch-
ing activities. Unfortunately when people are watch-
ing or writing a program they are also reading the
program: to figure out what the program is doing and
to track down bugs. This evaluation gives us a base-
line for each notation and we can use this baseline to
examine the effect of a notation on just the writing or
watching tasks.
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