PROGRAMMING WITH A PURPOSE:
HANK, GARDENING AND SCHEMA THEORY

Paul Mulhalland and Stuart Watt

Knowledge Media Ingtitute
The Open University
Milton Keynes, MK7 6AA, UK
Email: P.Mulholland@open.acuk; S.N.K.Watt@open.acuk
Web: http://kmi.open.ac uk/people/paulm/hankpage.html

Abstract

Hank is avisual cognitive modelli ng language designed spedficdly for psychology students.
The dm in designing Hank was to crede an experience of cogntive modelli ng that focused
on gaining a new perspedive on psychologicd models rather than programming for its own
sake. Recant informal analyses have investigated the dfediveness of Hank in its intended
context of use, both as a paper and pencil exercise for individuals, and as a mwmputer based
projed to be caried out in groups. The findings largely suppated the Hank design dedsions,
and illuminated many of the challengesinherent in designing a programming language for an
educdiona purpose.

1. Introduction

Hank is a cgntive moddling language for psychology students. Cogritive modelling involves
buil ding computational models of psychologicd theories in order to lean more éou them, and is a
major reseach area dlied to psychoogy and artificial intelligence The main problem is that few
psychology students have previous programming experience, making conventional languages such as
Prolog, which we airrently use & the Open University, difficult to tead and lean. Our proposed
solution is Hank, a visua cognitive modelling language, designed spedficdly for the psychology
student.

The design d Hank drew heavily on lesons leaned in related reseach aress such as end-user
programming, software visuali zaion and the psychology d programming to develop alanguage that is
sufficiently powerful to mee the needs of the students, and also usable (Mulholland and Watt, 1998.
Our initial analysis of Hank has been informal, and hes concentrated on the spedfic uses for which
Hank isintended. Thisinitial analysis proved very reveding, suppating many o the design dedsions,
and ill ustrating the range of complex isaues, other than the notation o the languege, that impad on the
effedivenessof programming as an educaiona adivity.

The next two sedions briefly describe the original design ohjedives, and the Hank environment. This
is followed by a description o how Hank has been used, and lesons leaned. Finaly, improvements
made to Hank in light of the findings will be described, followed by an ouline of planned future work.

2. Original design objectives

The process of designing Hank began with five key objedives: the language shoud be spedficdly
aimed at psychology students; it shoud be usable by nonprogrammers; it shoud be usable in groups;
it shoud clealy visualize process and it shoud be usable on paper. These will be mnsidered in turn.

* A cogntive modelling languag for psychology students. Hank is intended primarily to be a
cognitive modelli ng language for psychology students. For thisreasonit hasto bea a dea relation
to the mgritive theories and architedures foundwithin the cognitive psychology course studied by
the students.



e Usable by nonprogrammers. The majority of the students have no previous programming
experience The language therefore hasto be eay to learn and wse.

e Usable in groups. The students are required to buld a agritive model as part of a residential
schod projed. At the Open University, students attend a residential schod for one week during the
summer and work on projedsin groups of between three ad five.

« Shaw the process Anacther important requirement is that the language shoud be &le to show its
procedural aspeds. The airrently used language, Prolog, has a cmmplex exeaution model that can
mask procedural charaderisticsthat could be of interest to the cognitive modeller.

» Usable on pager. The students' first experience of cogritive modelling is as part of an assgnment
caried ou individually at home. As our students canna be required to have a omputer, the
assgnment requires the students to write and run small programs on paper.

These reguirements combined with a detailed review of the literature led us to the design o Hank,
which is described in the next sedion. A description o the design rationdle can be found in
Mulholland and Watt (1998.

3. Hank overview

Hank has four main programming constructs. fad cards, instruction cards, questions and the
storyboard. Fad cards are what we use in Hank to represent fadual information. Threefad cards (“A
kind d”, “Picnic spedfics’ and “Picnic defaults’) are shown to the top right of figure 1. Fad cards
adopt the famili ar table structure, used in spreadsheds. The first row is the name of the cad (shown in
dark grey). The second row gives a label for ead individual column (shown in light grey). The
remaining rows (cdled data rows) ead represent a related set of symbads. The fad cards in figure 1
form part of a simple model of schema theory. The “A kind d” card indicates which events are
members of the picnic caegory. The “Picnic default” fad card represents typicd charaderistics of
picnics in general. The “Picnic spedfics’ fad card represents unusual information about particular
picnics.

An instruction card represents a procedure that can be used to work something ou. An instruction card
cdled “Picnic schema” is shown to the upper centre of figure 1. The top part of the Instruction card,
above the doulle horizontal line, is cdled the matching box The matching box @fines the goal of the
Instruction card. The aeabelow the doule line is the processbox that describes how the goal can be
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Figure 1. The Hank environment



achieved. The processis defined as a set of questions (shown with ddted lines) conneded by arrows.
Each question contains Wildcards (referred to as variables in most languages). Wildcards begin and
end with a question mark, and in the cmputer implementation are shown in a different colour. The
“Picnic schema” instruction card contains threewil dcards: ?Picnic?, ?Slot? and Value? In the “Picnic
schema” instruction card, the process invalves finding ou information abou a picnic using the
information stored in the fad cards.

Storyboards are aform of comic strip nadation wsed to indicate the serial order of processes and show
their causal relationship. This is the visualizaion mechanism within Hank. The storyboard
representation d the exeaution is down in the Workspacewindow to the bottom of figure 1. The
storyboard is showing hav the Instruction card can be used to infer alocation for Sue's party.

A further important feaure of Hank is the exeautive, which is resporsible for running the programs.
The exeautive is described as having two parts: Fido and the house rules. Fido is the interpreter that
caries out the exeaution. The house rules form the description o how programs soud be exeauted
(i.e. the exeaution model). Fido foll ows the house rules when runrning a program. When students run
programs at home on paper, they will take ontherole of Fido for themselves. When working in groups
at residential schod, thejob d Fido can be performed bythe computer on their behalf.

In the computer version, questions can be sent to the exeautive using the cntrol panel. It is own to
the top left of figure 1. The control panel kegps areoord of previous questions and answers. It is used
for asking gquestions to Fido, and requesting storyboards of the exeaution. The next two sedions
describe our experience so far in using Hank for paper-based and computer-based cogniti ve modelli ng.

4. Using Hank in a paper and pencil assignment

An initial study was undertaken using a draft version d the paper and pencil assgnment. The
assgnment provides an introduction to cogntive modelling and covers isaues related to knovledge
representation, category membership and schema theory. The asdgnment is lit into two parts. The
first part requires the student to buld and run some ssimple mgnitive models. The seaond fart involves
writing an essy covering the wider isuues surroundng cognitive modelling and artificial intelli gence
in general. For the study orly the first part of the assgnment had to be caried ou. The programming
part of the asdgnment was snt out to three participants, a student who hed previoudy studied
cognitive psychology (including modelling wsing Prolog), a student who was abou to embark on the
cognitive psychology course, and an experienced course tutor. The three participants were required to
complete the modelling exercises plus a short questionraire and then return their completed
assgnment.

Each participant was able to buld small programs using fad cards and instruction cards. It was
particularly pleasing that the students were &le to use the storyboards to run their program, though
there was sme evidence of students getting lost in the storyboard, and nd gleaning what they might
have dore, with the larger exeaution histories. Despite this, the study dd provide some evidence that
two of our design ohjedives had been addressed, since Hank could be used with success on paper
alone, without suppat from a computer implementation, and by nonprogrammers.

This exercise was intended to be little more than a sanity ched on ou part to make sure that the
psychologicd concepts, as portrayed in Hank, were accesble and usable by the students. In this
resped, perhaps most significantly, the student with no pevious experience of cognitive modelling
commented that the experience had given her a much more pasitive dtitude to this areaof the murse,
which she would meet later in her studies. This encouraged us to carry out a more detailed study o
using Hank at aresidential schod.

5. Using Hank at residential school

At a week long residential schod, students get the oppatunity to cary out a @gritive modelling
projed for two and a half days in groups of between three and five. The projed invaves building a
rather more complex model than those introduced in the assgnment, this time with the help of a
computer. For two of the residential schod weeks this simmer, students were given the oppatunity to
build their cogntive models using Hank rather than Prolog. Four groups took upthe dhalenge. The
authors took resporsihility for tutoring the Hank groups.



For eat o the participating goups, the agritive modelling pojed began at 9am on a Wednesday
morning. The processof introdwcing the language (which involved urleaning certain Prolog concepts)
and teading them how to use the computer implementation o Hank took urtil lunchtime. The
students began their projedsin the gternoonsesson. Groups using Prolog, because they already have
some famili arity with the language, usually start their projed around 1Bm. The Hank groups had
caught up with their Prolog courterparts by mid morning onThursday, and hed a working model by
the end d the projed. The groups were @le to demonstrate their understanding o the model by
explaining to the tutor how it worked, and what it meant psychologicdly. At the end d the projed,
eath group was interviewed separately. The semi-structured interview comprised eight questions.
These ae shown below:

« Did the Hank language help you to understand any elements of cogritive psychoogy? If so
which?

e  What thingsdid youfind easy or straightforward to do wsing Hank?

e What thingsdid youfind hard to do wsing Hank?

e Can yousuggest any improvements to the Hank language?

e  What are the diff erences between Hank and Prolog?

e Haveyouany idea on hav Hank shoud be explained to someone who hes never seen it before?
e For Al thisyea, would you have rather used Hank or Prolog?

* In you opinion, shoud students next yea be taught using Hank or Prolog?

Their resporses were transcribed by the experimenter. Below, eight key paints from the feedbadk are
identified. Their comparative cmments of Prolog are not only based on their experience in using
Prolog in an assgnment ealier in the yea, but also on their discussons with Prolog students. One
groupeven invited a number of Prolog studentsinto their room to gve them a demonstration d Hank.

1) The removal of the textual syntax proved very successul
A typicd comment was:
“It was much better not having any commas, full stopsand tradets’

Although remembering to place these Prolog syntadic constructs in the right place is trivia to
someone experienced with the language, it can cause problems when the students are not particularly
familiar with the languege, and have a number of other isaues to consider. One student made an
analogy between Prolog and wsing DOS rather than windows to move files around Removing the
textual syntax had a huge impad on the students, regardless of their experience with computers. On
one extreme, there was a student who hed never used a computer before, who was onable to get the
hang d constructing cards and running the program. On the other hand, there were some students who
used spreadsheds extensively as part of their job, and felt immediately comfortable with the notation
and haw it worked.

2) The students were able to relate their Hank programning to the murse materials

Students were &le to draw appropriate links between their Hank projed and the cmurse materials. This
was foundin comments such as;

“Hank emphasises the model not the computer programming’

In perticular, the link to schematheory was very clea. Thiswasill ustrated in comments guch as:
“It has adired relation to schematheory, far more so than Prolog, due to the clumn names’
“It distingu shed between spedfic and general information in schemas’

The tabular structure of fads in Hank is very close to the way schemas tend to be represented in
cognitive psychology textbooks, as a set of dotsand values. Thisisill ustrated in figure 2.



Actor: John Schema
Act: ATRANS Slot Yalue
] Actor Johin
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Figure 2. On the l€eft, atypicd schema representation from Eysenck and Keane (1995 and (right) how
the schema could be represented in Hank.

3) Students were ableto understand each ather’s programs

Asthe students could identify how their programs related to psychologicd theory, they were more ale
to see onredions not only between their program and the murse texts, but also between their
program and aher Hank programs. Thiswasiill ustrated in comments sich as:

“1 could seethe analogy between the blocks world program [their projed] and the famili es program
[awarm-up program tried out at the beginning o the projed]”

“You could seethat they were similar on adeger level”

“1 can seehow we muld do dher models using Hank, such as languege understanding”

The students were &le to understand aher programs because the programs were no longer being
compared in terms of syntadic similarities, but rather in terms of the theories that were being
modell ed. The students were even able to seehow Hank could be used in damains other than cogntive
modelling. Thisisnicdy ill ustrated by a cmment from one student who worked as a gardener.

“Hank could be used in red life. Asagardener | could use it to kegp a database on trees: level of
shade and light, growth rate. | could write arule to find the best condtions, a bit like our cousins
program”

This comment is particularly encouraging as the student thinks not only abou how Hank can be
applied in another domain, but also haw the Hank program would have simil arities to another program
(cdled the ‘cousins program) that the group red developed when famili arising themselves with Hank
on Wednesday morning.

4) Students could unckrstand the process as well as the result, though syntonicity did na work as
expeded

Prolog hes a very complex exeaution model, therefore even if the students program is working
corredly, they may nat know why. In Hank, the students could clealy seethe mnredion between
their program and haw it worked. Thisisill ustrated in comments such as:

“1 liked the “Ask fully” option [used for generating storyboards]. It was easy to seewhere we had
gorewrong’

“The processof gettingto the answer can be dealy seen”

Anam in ou designwasto use syntonicity to help students identify with the process It had been our
intention that students shoud identify with Fido, the interpreter, thoughHank became the identified
charader.

“It'sgood keing able to work throughthe program but I' m not sure @ou Fido though
“We liked to personalise Hank, by saying Hank dces this, Hank does that”

We will return to these isaues later in the paper.

5) Their approach was confident and exploratory rather than rervous andtentative



When Prolog students read an impase it is very difficult for them to explore the languege in an
attempt solve the problem withou the tutor’s help. Hank students were more keen to explore and try
different things out when their model was not working corredly.

“Y ou are more willi ng and able to explore in Hank”

“Basicdly, Hank isfun. You can fiddle with it and seewhat it does’

6) The learning curve was more linear and determined by theoretical rather than pogramning
concerns

Because of the more exploratory nature of the language, the leaning curve was more linea. This
contrasts with Prolog which tends to comprise one or two large jumps.

“You can test and change you program. Prolog either works or messes up”

“Hank appeas intuitively easy and then gets hard later on. With Prolog, you start thinking it's
imposshle, and then it gets harder”

“Hank goes from easy to hard, and then to easy. Prologlooks hard”

7) Same minor interfaceisaies need to be resolved

Some interfaceisaies were raised by students, concerned with the way objeds are seleded and moved.
“The digtinction between namal questions, and guestionsinside the ruleis unclea”
“Sizing boes and columns was ometimes difficult”
“The scrolling was quite bad. It was too slow”

Theseisales have drealy been redified in the aurrent version o Hank.

8) Working with Hank was enjoyable
Leaning with Hank was enjoyable & well as effedive.
“Hankispleaingto look at”

“Hank isfun”

From atutor’s perspedive, anumber of isales were raised concerned in particular with the relationship
between the Hank language and the educational experience & awhale.

1) Hank offers many alternative solutions to the same problem, and many routes to them

A major difference between Hank and Prolog is that in Hank, the same problem can be solved with
equal effort in a number of different ways. This requires rather a lot of thinking aheal onthe part of
the tutor, who hasto discern which solution the students sem to heading toward, and hav they shoud
be guided there. This ill ustrated the need to rethink the relative pedagodgcd benefits of alternative
paths. We ae arrently using the elucational walkthrough technique (Lewis, Brand, Cherry and
Rader, 1998 to chart how the programming processundertaken by the students links to educational
objedives.

2) Time dewoted to meta-talk abou the designitself and hav it compared to Prolog

The students were not treaed as naive subjeds in an experiment. We often ga into dscussons with
the students on why Hank was designed in such a way, and hav that related to concepts they had
studied in their psychology course. For example, a discusson took dace omparing programming in
Prolog and Hank, in the way that homomorphic problems are compared in their course text on human
problem solving (Kahney, 1993. Ancther student with a knowledge of HCI suggested honv Hank
could be understood sing the nation o aff ordances as described by Norman (1993. This conscious



dedsion to encourage the students to be joint participants in a design pocess (Bannon 1997), rather
than pasdve subjeds, led to many interesting suggestions and olservations.

3) Motivation, enjoyment and tearmwork

The students were highly motivated, exploratory, and keen to try things for themselves. Hank becane
atod for thinking with (which iswhat cogritive modelli ng languages houd be) rather than a pedantic
machine halding them bad (Christiansen, 1997). As commented by the students, it was far easier to
understand Hank programs written by dher people, compared to Prolog. This led to some rather
complex group-working arrangements, where diff erent members of a group would work on dfferent
parts of the program, or different solutions to the same problem, before coming bad together to
compare their ideas. We were anazed by hav smoathly this approach worked.

Overadll, using Hank at residential schod in placeof Prolog was foundto provide avery succesdul
educationa experience. Not only were the students able to complete the projed (afea in its own right
given they were sedng the language for the first time), they had aso clealy leaned from the
experience They were dso able to draw strong links between the Hank projed and key issues and
theories from within the course.

6. ChangestoHank
The main changes taken in light of the work so far were downplaying the role of Fido, smplifying the
structure of the house rules, and some termindogicd changes.

Shft in focus from Fido to Hank

Our origina nation d how to use syntonicity (Papert, 1993 Watt, 1998 to encourage identificaion
with (leading to an understanding d) the program did na work as expeded. The students were better
able to uncerstand the process but tended to identify with Hank as a whole, rather than Fido sitting
inside.

Therole of Fidoin Hank has certain paralelsto Seale' s (1980 Chinese Room argument. Sealetold a
story of a non-Chinese spesing man sitting inside abox passng (what where to him) meaningless
symboals out of aboxin resporse to ather symbals that entered, acording to a set of rules. A Chinese
spe&king person ouside the box kelieves they are communicating with someone who undrstands
them. The story is told to question the atificia intelligence gproach by showing there is no
understanding in the box. Fido performs a similar job, showing there is “nothing speda” going on
inside Hank, but as in the Chinese Room, this does not lead to identificaion with the charader inside
who has no uncerstanding o what is happening.

Now that computers are becoming ever more ommonpace showing people that there is nothing
mystica abou how the computer works is becoming lessimportant, and therefore there is lessnedd to
ill ustrate this point. However, there was evidence of syntonicity, Hank being the target. Thisis becaise
syntonicity tended to be used as a shorthand form of communication for what was happening. Students
often made comments of the kind “Hank is trying to dothis’. The students appredated the difference
between the language (Hank) and the interpreter (Fido) but did na want to explicitly draw on this
when explaining what their program was doing. For this reason, we have since dedded to play down
the role of the interpreter in the exeaution model we present to the students.

Smplifi cation o the house rules

So far, the house rules have been presented as a fine-grained redpe of how programs shoud be run.
Althoughthe students need to be given a detail ed story of how the programs are run, the arrent house
rules semed to make it difficult for the students to seethe wood for the trees. In ou revised version
the presentation d the house rules has been smplified to just a small humber of bullet points, ea
with a suppating paragraph o what work that bullet point involves. In the new approach we ae
designing for growth in competence. As the students become more familiar with Hank, the details
pertaining to ead bulet point become operationalized (Kutti, 1997). In the original house rules, there
was ho scope for students to operationali ze parts of the processas their famili arity increased.



Changes to terminology

A few minor changes in terminology have dso occurred. Wildcards have been renamed as variables.
This is to remove avy passhle confusion with Fad Cards and Instruction Cards. In order to help
students in designing an Instruction Card, the top part of the instruction card is now named the “wish
box’ rather than the “matching boX. This terminologicd change developed ou of discussons with
students at residential schod, where they designed their instruction cards, by first typing into the top
part of the instruction card what it was they wanted to find ou, and then moving onto work out how it
could be produced. Finaly, Fido hes been renamed the question processor, to encourage syntonicity
with Hank asawhole.

7. Further work

So far, Hank has been used to allow students to gain a useful first experience of cogritive modelli ng.
We now wish to develop Hank further to investigate how psychoogists can be suppated in
developing more complex models. Some airrent and danned developmentsto Hank involve extending
suppat for cogntive achitedural feaures (Anderson, 1984 Newell, 1990 concerned with isaes
such as cgpacity and latency in memory. Other new feaures are to suppat bookkeeping and the
initialisation o models, such as mathematicd functions. These developments, though are not just
restricted to adding more primitives to the existing Hank design. We dso have plans to buld a model
level layer where comporents of the Hank program can be tied to particular modues within the box-
and-arrow style models prevalent in cognitive psychology.

The further development of Hank is linked to an ongang programme of evaluation, and o developing
red and substantial cognitive models both informally and through more formal walkthroughs (Lewis
and Rieman, 1994, to ensure that the language can handle models of a rather larger scde than those
met in the studies we have described. This development programme is constrained within the eisting
Hank language framework, so that its benefits are maintained. Thisis giving us a good unérstanding
of which changes to make, and hov to make them safely.

8.  Conclusions

Our initial analysis has largely suppated our initial design d Hank in enabling students to develop
cogntive models on paper and on the @mputer, and to use those models to illuminate their
understanding d cognitive psychology. Let’slook at thisin a bit more detail, returning to ou original
design ohjedives, set out in sedion 2

« A cogntive modelling languag for psychology students. Both studies showed that Hank helped to
cut throughto the psychaogicd concepts of the model being built, bypassng messy programming.

» Usable by nonprogramners. Again, both studies provided evidence that non-programmers could
use Hank, and at the residential schod, the cmmputer implementation was even used succes<ully
by studentswho had never used a mmputer before.

» Usablein groups. Groups worked well in the residential schod study. An unexpeded change was
that becaise Hank programs were generaly easier for people to understand, the llaborative
processes were very different to those foundwith Prolog goups. Hank groups tended to use more
complex group structures, compared to Prolog goups' typicd ‘all for one, onefor al’ format.

e Shaw the process Both studies provided some evidence that the process was more gparent.
Althoughstudents found large storyboards on paper difficult, with the computer implementation,
there was clea evidencethat they did begin to understand how their models had worked more fully
than they had with Prolog, which tended to work by ‘magic’.

« Usable on paper. The home-based, paper and pencil study, confirmed that Hank could be used on
paper, at least to alimited degree and without atutor being present in person.

Perhaps most surprising, though has been the shee engagement that Hank managed to bring to the
students at the residential schod. On the whale, they simply revelled in it, and many foundit “fun”
compared to Prolog. Perhaps the motivational benefits of this engagement are dso playing an
important role in the students' succesful work with Hank. As a projed, Hank is gill proving arich
source of useful research for the future.
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