
THE FLOW TUTOR: A SCHEMA-BASED TUTORIAL SYSTEM 

Donald R. Gentner 
Center f o r Human In fo rmat ion Processing 

Un i ve rs i t y of C a l i f o r n i a , San Diego 
La J o l l a , C a l i f o r n i a 92093 

The FLOW t u t o r system is a s imu la t i on of a human 
t u t o r which g ives advice to a student l ea rn ing 
FLOW, a simple computer language. The t u t o r has a 
schema-based knowledge s t r uc tu re con ta in ing i n f o r ­
mation about the programming language, the 
s tuden t ' s i n s t r u c t i o n book le t , and the s tuden t ' s 
developing knowledge. These schemas form the bas is 
of a d i s t r i b u t e d i n t e l l i g e n c e system which uses 
conceptua l ly guided and da ta -d r i ven processing to 
i n t e r p r e t the s tuden t ' s behav ior , update the model 
of the s tudent , and g ive advice to the s tudent . 

The Tutor's Task 
The student uses an i n s t r u c t i o n book le t , con ta in ing 
t e x t , examples and problems, and works at a comput­
er t e r m i n a l . The automated t u t o r i n t e r p r e t s the 
s tuden t ' s keypresses and pauses in terms of a s t u ­
dent progressing through the FLOW i n s t r u c t i o n book­
l e t . A l l schemas which the FLOW t u t o r creates and 
works w i t h are par t o f a m u l t i - l e v e l s t r u c t u r e , 
ranging from the i n s t r u c t i o n booklet and the func­
t i o n of programs to the i n d i v i d u a l FLOW statements 
and keypresses. 

Conceptual ly guided p r e d i c t i o n provides a context 
to disambiguate student keypresses. The automated 
t u t o r s imulates the s tuden t ' s progress through the 
i n s t r u c t i o n book le t , a l l ow ing pauses f o r read ing , 
doing the examples, and so l v i ng problems, and 
p red i c t s t h a t the ac tua l student w i l l f o l l o w a 
s i m i l a r course. The t u t o r " so l ves " these simple 
programming problems by expanding the f u n c t i o n a l 
d e s c r i p t i o n o f the problem i n t o s impler f u n c t i o n s , 
FLOW statements, and f i n a l l y keypresses. Although 
t h i s can lead to severe t r oub le when the p red i c ­
t i o n s are wrong, i t normal ly leads to an easy and 
e f f i c i e n t i n t e r p r e t a t i o n o f otherwise ambiguous i n ­
fo rmat ion . 

Data-dr iven process ing, in which the keypresses and 
simple statements t r y to assemble themselves i n t o 
higher l e v e l schemas, is used when student behavior 
does not match the p r e d i c t i o n s . The i d e n t i t y of 
two f u n c t i o n a l l y equ iva len t programs at a h igher 
l e v e l o f schemas, a l lows the t u t o r t o i n t e r p r e t a l ­
t e r n a t i v e co r rec t s o l u t i o n s . 

The automated FLOW t u t o r is intended to s imulate an 
experienced human t u t o r f a m i l i a r w i t h FLOW and com­
mon student problems, and thus has schemas which 
represent t y p i c a l student e r r o r s . When unexpected 
student i npu ts incorpora te themselves i n t o these 
e r r o r schemas, the t u t o r has e f f e c t i v e l y recognized 
a student e r r o r . I f the student pauses a f t e r mak­
ing an e r r o r ( the al lowed pause leng th depends on 
the type of e r r o r and the t u t o r ' s model o f the s t u ­
d e n t ) , the t u t o r sends advioe to the student based 
on i t s i n t e r p r e t a t i o n o f the e r r o r . 
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Schemas 
An i n s t a n t i a t i o n of a schema corresponding to the 
FLOW statement 030 DISPLAY "JEAN" is shown below: 

•DISPLAY-QU0TED-STRING-1932 
schema DISPLAY-QU0TED-STRING 
statement-number 030 
value JEAN 
s ta tus SATISFIED 
host *DISPLAY-1911 
element *D-1937 
element *QUOTED-STRING-Wl 

The instance cons i s t s of a name fo l lowed by a 
ser ies o f s l o t s . The f i r s t s l o t po in ts back to the 
prototype schema. The next two s l o t s are "a rgu ­
ment" s l o t s , used to d i s t i n g u i s h i n d i v i d u a l i n ­
stances of the schema. The " s t a t u s " s l o t i nd i ca tes 
tha t a l l components of t h i s instance have been 
found. Schemas and instances are composed of other 
schemas and ins tances . The "hos t " and "element" 
s l o t s po in t r e s p e c t i v e l y to the h igher and lower 
l e v e l ins tances . This h i e r a r c h i c a l s t r uc tu re o f 
instances plays a major r o l e in the opera t ion of 
the FLOW t u t o r . Extension of the h ierarchy to 
higher and lower l e v e l s forms the basis f o r 
p r e d i c t i n g and i n t e r p r e t i n g student behavior , g i v ­
ing the t u t o r d e s c r i p t i o n s of the same in fo rmat ion 
a t d i f f e r e n t conceptual l e v e l s . 

How Schemas Function, 
As a schema-based system, the FLOW t u t o r has an i n ­
heren t l y d i s t r i b u t e d i n t e l l i g e n c e . The on ly cen­
t r a l coo rd ina t ion is fu rn ished by an agenda. a s im­
ple l i s t o f instances w a i t i n g to be a c t i v e . 

Each schema has an associated process, c a l l e d the 
s p e c i a l i s t . When an instance becomes a c t i v e in the 
FLOW t u t o r system, the corresponding s p e c i a l i s t is 
invoked. The s p e c i a l i s t may modify an ins tance, 
p r e d i c t new instances of schemas, incorpora te the 
instance i n t o a h igher l e v e l schema, change the 
t u t o r ' s model o f the w o r l d , look f o r inpu t from the 
s tudent , put instances on the agenda, or send mes­
sages to the s tuden t . In a t y p i c a l case, an i n ­
stance on the agenda might have been pred ic ted by 
some other ins tance . When the instance becomes ac­
t i v e , i t s s p e c i a l i s t would check t o see i f a l l o f 
i t s elements had been observed. I f n o t , the spe­
c i a l i s t would p r e d i c t the next element and put i t 
on the agenda. I f a l l the elements o f the instance 
had been observed, the s p e c i a l i s t would place i t s 
host on the agenda, or i f the instance had no hos t , 
the s p e c i a l i s t might search f o r a host and t r y to 
incorpora te the instance i n t o a s u i t a b l e h igher 
l e v e l i ns tance . 
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