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STORY PROBLEM SOLVER:
A schema-based system of instruction

This report describes a computer-based instructional system, the Story Problem Solver
(SPS). SPS provides students with instruction about the semantic structure of story problems. It
was developed to test a specific schema theory of knowledge organization in long-term memory
{Marshall, 198%4; 1988b). For this reason SPS depends explicitly upon a theory of the relationship
between the form of instruction and the memory stiuctures that develop as a result

In this document we describe the schema theory underlying SPS. the design of SPS with
respect 0 the theoiy, and e system’s operational teatures.  The domam of anthmetic story
pioblems has been described in detail elsewhere (Marshail, 1987; Marshall, Pribe, & Simnith, 1987)
and is only briefly reviewed.  The report concludes with a short description of ongoing extensions
to the basic instructional program.

THEORETICAL STRUCTURE

Schema Theory

SPS is designed to develop a student’s awareness and understanding of the basic relations
found in arithmetic story problems. It provides instruction which will facilitate the use and
organization of information in long-term memory. The instructional design devives from the theory
of schema acquisition and storage described in Marshall (1988a). According to the theory there
are four components or types of knowledge involved in the development of a schema: feature
recognition, constraint mapping, planning/goal setting, and implementation. This architecture derives
from that described in Marshall et al. (1987).

Under the theory each component develops in long-term memory as a network of nodes,
representing bits of information, and links between nodes, representing memory connections among
them. The presence of a particular node in a network indicates that the information it represents
has been learned and can be retrieved from memory. The links to other nodes provide access to
the information stored in them. A node that is isolated from others is of little use because it is
accessed only on rare occasions, but a node linked to many others is accessed and used frequently.
Thus, a critical element of learning is the connection of any new information to previously learned
information.

The networks comprising schemas intertwine on several levels. First, within a single schema,
there are connections from nodes of one component to other nodes in that component and also
to nodes in other components. Second, the components of a schema are themselves linked, so that
access 1o the information assoviated with one component will allow access to information associated
with the other components. Finally, schemas are linked to each other within domains. At an
abstract level of thinking about the whole domain one should have ready access tfrom one schema
to another.

The Domain
Marshall (1985) found that arithmetic story problems can be categorized by five distinct

profiles:  Change, Group, Compare, Restate, and Vary.! These profiles describe the semantic
relations found in story problems and together comprise the common domain of story problems.

U Fhoe woe proviousty callad Change, Combime, Compare, Teamform and Vary i Mashall (19585) and Mashall et al (1957)

The names of the ategornieoy were medificd v a0 resolt of cmpincal st with students "Coinbine” suggested the operation of addition
1o students amd way changad o "Group” o avonrd the operafaagl Connucoon Fho dabel o "Tramform™ was deffee !t for students 1o
understand and wos changed 10 "Roestate”  The Tubely desenbed here bave been wsed suceessfully with several groups of students and are

apprirently castly nndursiond




tach profile cepresents a particular relation that occurs in story form, and the story line is woven
around the relation.  Ordinarily one or more of the features that define the refation is unhnown.

The advantages of categorizing the domain by semantic relation are (1) only a timited number
are needed, (2) the relations are simple situations, deriving from individuals™ experiences in daily
lite and easily understood even by young children, and (3) they may be combined to form complex
problems reflective of situations that occur in reality.  Thus, they may be used as a basis of
instruction for learners of all ages.

The five semantic profiles have been desciibed in detail elsewhere and will not be discussed
at dength here (cf. Marshall et al, 1987).  Table 1 contains examples of profiles in simple
situations, in simple problems, and in comples problems.  These are typical of the situations and
pioblems encountered by students who use SPS.

In developing the instructional programs described here we found it necessiry to reevaluate
the Compare profile and the way its accompanying semantic relation is used in a story problem.
The Compare profile describes the semantic relation in which two entities are examined for the
purpose of deciding their relative size.  As such, it requires no arithmetic computation. It does,
however, require sufficient number sense 1o recognize when one number is larger or smaller than
another. In its simplest form, the Compare relation seems almost trivial:

(1) Here are two numbers, 25 and 29. Which is larger?

The complexity of the profile and the semantic component come into play when the student must
interpret  the descriptive statements linking the two numbers. That is, when the relation is
expressed as faster, higher, cheaper, deeper, longer, and so on, should the student search for the
larger or smaller number?  Moreover, what are legitimate comparisons?  Can any two quantities
be compared or are there constraints requiring them to be of similar type (e.g., inches with inches
rather than inches with yards)?  The semantic requirements of Compare are sophisticated and
involve an understanding of the situation iepresented in the problem.

Qur original deflinition of Compare (and others’ detfinitions as well, e.g. Riley & Greeno,
1U88; Willis & Fuson, 1088) ashed a ditferent question of the Compuare situation.  For example,
under our previous conception the following was labeled a Compare item:

(2) Joe walked a mile in 13 minutes. His friend Fred walked a mile in 15 minues.
How much faster did Joe walk than Fred?

In actuality, this is not a true Compare relation in which the problem solver is asked to make a
comparison because the comparison has already taken place -- it is stated in the problem that Joe
walked faster than Fred. The solver does not have to decide who was faster or whether more
minutes means faster or slower walking. Problem (2) is a Restate relation. It asks the student
to express in a different way the information already given in the problem.

A true Compare relation would have the following form:

(3) Joe walked a mile in 13 minutes. llis friend Fred walked a mile in 15 minutes.
Who was the faster walker?

This latter problem reflects the way that the Compare relation is taught and used in SPS.  The
solver needs to decide what to compare and whether to retrieve the larger or the smaller amount.
Under our new formulation, familiar problems from textbooks such as

(4)  Sue has 30 pencils, and Joan has 20. Who has more and how much more?
me viewed as having two different semantic relations, corresponding to the two distinct questions

posed in the problem.  First. the solver 1s asked to determine who has the larger amount
(Compare). and, second, the solver is ashed to compute the value of the difference (Restate)

~J




Table 1

Examples of Situations, Simple Problems and Multi-Step Problems Used in SPS
A. Situations

CHANGE: Suamuatha was running a lemonade stand one day in the summer. She started out
the day with twenty-five glasses of lemonade. When she closed her stand at the end
of the day she had four glasses left. Samantha sold twenty-one glasses of lemonade.

GROUP: Mr. Green grows oranges, grapefruits, and avocados. If he has 300G fruit trees in all
and there are 2000 orange and grapefruit trees, then Mr. Green has 1000 avocads trees.

COMPARE: On a recent expedition two members of the hiking club climbed 5000 feet on one day
and 6000 feet on the second day. They climbed further on the second day.

RESTATE: Mary budgets her money carefully.  She allows herself to spend 15 percent of her
weekly income on fun things like going to the movies or stopping for ice cream. Last
week she earned $120, so she had $18 for fun things.

VARY: Mr. Borg's car can wravel 20 miles on each gallon of gas that it uses. Since he knew
that he would be driving 300 miles over the weekend, he figured that he would have
to buy 15 gallons of gas for his weekend driving. '

B. Simple Problems

CHANGE: Janine had 173 maiwchbook covers in her collection. Her aunt sent some more to her.
She now has 241 matchbook covers. How many did her aunt send to her?

GROUP: Last week the Martin family took their used bottles, cans, and newspapers 10 the River
City Recycling Center. They found that they had accumulated in one year 25 pounds
of bottles, 12 pounds of cans, and 50 pounds of newspapers. How many pounds of
recyclable materials did they have?

COMPARE: Anna has two jobs. Last week she earned $152 as a lab assistant in the Chemistry
L.ab and $93 as a cashier in the University Book Store. Which job paid better?

RESTATE: Bill and Eddie both planted tomatoes this year. Bill harvested twice as many tomatoes
as Eddie did. If Bill picked 64 tomatoes, how many tomatoes did Eddie pick?

VARY: In the college football stadium there are 28 sections of seats. The stadium has a total of
2128 seats. If each section holds the same number of seats, how many seats are in each one?

C. Multi-Step Problems

1. Joe won $100 in the state lottery. He spent some of it on toys for his children. He bought
a doll for Sue that cost $25 and a stuffed bear for Ellen that cost $35. How much money
did he have left over after he bought the toys?

2. The electric company charges $.18 for every 3 kilowatt hours of power used. For the month
of August Terry was billed for 261 kilowatt hours of electricity. During the same month his
natural gas bill was $9.45. Which was higher for the month of August, his electric bill or his
gas bill?




INSTRUCTIONAL DESIGN
SPS focuses on these five profiles. At the end of instruction a student should be able to:

Recognize the profile(s) in a story problem.

Check that a problem has the required elements of the chosen profile(s).
Design a solution strategy using profile information.

Select the correct arithmetic operation(s).

* * o &

SPS guides the student’s knowledge development and organization according to the schema theory
described above. Our intention is for the student to develop a separate schema, consisting of all four
components, for cach of the five profiles.

SPS is designed for use by young adults under the assumption that this population shares a body
of common knowledge and interests.  The subject matter of examples and problems reflects this
assumption.  Much of the instruction about the semantic profiles is direct.  Because the targeted
population is adult. it is possible to present extended instruction that would overtax the attention and
working memory constraints of young children.

SPS does not expect students to form appropriate schemas by wial and error.  Ilts users are not
being introduced to story problems for the first time. They have had a great deal of experience with
them and typically have developed poor or incomplete strategies for solving them (evidenced by a lack
of success on pertormance measures). SPS explains directly how and why its organization of knowledge
is beneficial. It points out the advantage of using the profiles to understand and solve the problems.

SPS prefaces its instruction by drawing an anafogy between understanding a story problem and
vnderstanding the real world situation of going to a restaurant. The purpose of the restaurant example
and the discussion about how individuals recognize and use knowledge about restaurants is to alert
students to the need for many kinds of knowledge and for many links among them. The example
demonstrates how various features of the situation are used by an individual to interpret the particular
instance (e.g.. what mahkes it a restaurant and not a theatre) and to guide the individual in that setting
(e¢.g.. how to order from a menu, how to pay the bill). SPS explains that understanding and interpreting
the situation in a story problem can work in the same way. Imporant features need 10 be recognized
and evaluated before an arithmetic operation can be selected.

SPS addresses each of the four components of schema knowledge for every semantic profile. The
student is encouraged to build a cohesive memory structure to link together all of the information that
is appropriate to the profile. To do this, SPS isolates the components and focuses upon the elements
of each one. It also gives the student experience in linking the components and in using two or more
of them in answering questions. SPS does this in part by example and in part by asking questions
relating to components and linkages.

For each component of a schema -- feature recognition, constraint mapping, goal setting, and
implementation -- SPS uses the principles guiding its instruction in specific ways. These adaptations are
described in the following sections.

Feature Recognition
Instruction

The feature recognition component of a schema contains the information needed to recognize that
the schema fits the problem at hand. SPS’s discussion of feature recognition helps the student formulate
the generic case of which any problem is a special instance. The goal of feature recognition instruction
is to provide a verbal label, a general description, and a simple pictorial reprecentation for each of the
five profiles. Instruction begins by using simple examples of each profile. We found in our pilot studies
that students were better able to discriminate among the profiles when the initial instruction about each




oue was brief and when all five were discussed together.  This contrasted with ability o discriminate the
profiles having had a sequential, detailed description of each one (see Appendix A).  Therefore, SPS
begins the instruction with an overview and general discussion of all five schemas and how they diffel
from each other.

SPS introduces the profiles within the common theme of a Hawaiian vacation  The situations in
which the profiles are found describe activities such as buying clothes, surfing, and fishing. As noted
above, we selected stories that should be of interest to our young adult students.

The SPS system uses situations instead of problems when introducing the five profiles.  Situations
are defined as comiplete stories with no missing information; problems have one or more unknowns. W¢
focused on complete situations for two reasons.  The first is logical consistency. Situations contain all
parts of the profile and therefore help students undevstand each part in relation to the whole.  Feature
recognition involves all parts of the situation, but any specific problem leaves some parts out.  “Sat's
what makes it a problem. To teach feature recognition, the whole situation is appropriate.

The second reason for using situations is the nature of the subject population.  Most students
appear to have strongly ingrained and often erroneous problem-solving strategies, and they tend to begin
using them as soon as a problem is presented, often without comprehending the entire problem.  Thiy
tendency interferes with the goals of SPS.  SPS wurges the student to understand the structure of the
problem before attempting computations. If there is no problem and no unknowns, there is no
computation to be made, and the student’s attention can be directed to the profile structure.

SPS equips the student with specific clues for identifying each semantic profile.  For example, the
student learns that in the Change situation there are three different amounts -- the beginning amount,
the amount of change, and the resulting amount -- and that the change occurs over time.  Other clues
about Change are introduced in such a way that the student should easily associate them with earlier
ones. In this way SPS directs the learning of the student by presenting information that can be
reasonably linked to what the student already knows.

In 1eaching feature recognition SPS tries to rearrange the knowledge that students already have
about semantic relations and story problems and to encourage the students through instruction, example,
and practice to form specific memory associations (links). We do not have 1o explain to students -- even
very young ones -- whal it means 10 change something. We do need to help them develop the skills
to perceive when a story problem describes the Change relation. The full set of clues for a profiie leads
the student to a general description of the profile.

In addition to verbal clues, a simple diagram is used to represent each profile and its various
parts. We refer to the diagram as the profile icon because it serves the same function that an icon
serves on computer screens. The icon is a visual representation intended to call to mind several different
pieces of information. Merely seeing the icon on the screen serves to remind the student of the broadet
entity it represents. Similarly, many trademarks and logos function to remind the viewer of a broad set
of information that is associated with them (e.g., the CBS "eye” or the Apple logo). These visual
representations appear 10 be easily learned and rctrieved.

A growing body of research suggests that visual aids are very powerful learning tools (e.g., Larkin
& Simon, 1988; Holmes, 1987). We use them as such. It is intended that students associate the features
of a profile with the appropriate diagram.  The icons also serve a second function in constraint mapping
as described below.

Evaluation

Feature recognition is assessed in 1wo ways.  One way is to determine whether or not the student
can correctly identify a situation by its generic name.  The evaluation task presents the student with
several story situations, one at a time. Below the story is a menu of the five profile names.  The
student’s task is to select the single profile that is represented in the story.  Thus, the tash assesses both
whether the student can identify the relevant features in the situation and also whether these featues
have been associated with the appropriate profife in the student’s memory.

The student’s responses on this task, as on all SPS tasks, are made with the mouse.  The student
selects the profile and buttons the menu choice.  An illustration of the task is given in Figure 1

w




Figure 1

A Feature Recognition Task: Verbal Components

{(The student selects a
response from a menu of
situation names.)

INSTRUCTIONS: Read the story below Decide which of the
five situations best descrnibes the story When you have
made your choice, position the arrow on top of the one you
have selacted and click the mouse button once

Two radio stations were competing for
listeners by giving away 1ock conceit tickets.
in the last week of August KODD gave away
S0 tickets. At the same time KCUE gave away
15 fewer tickets. That means that KCUE gave
away 35 tickets.

Change
Group
Compare
Vary
Restate

GRAY  MVEW

Figure 2

A Feature Recognition Task: Visual Components

ot

INSTRUCTIONS. Choose the one diagram below that fits this story problem. Move
the arrow into the diagram you have selacted and click the mousa button.

Sam bought one notebook for every three text
books that he purchased. If he bought four notebooks
Sam must have purchased twelve text books

(The student selects a
response from a menu of
diasgrams.)




A scevond micthod of evaluation assesses the student’s ability to associate b situation with s visual
icon gdiggram)  The student is presented with a problem and the five icons and is ashed 10 selea the
one that tepresents the problem. No verbal labels are used in this exercise. The tash serves toussess
whether the student associates individual icons with gppropriate sets of featwies that identify the protiles
An ovample s given in Figure 2

Constraint Mapping
Instruction

The goal of constraint mapping instruction s to develop systematic methads of testing whether
o1 not hypothesized features are present.  This component of schema hnowledge maps the elements of
the current problem to the known features of the selected profile.  For instance, by using featuie
recogiition hnowledge the student might suspect that the profile describing o problem as the Change
profite.  This information alone is insufficient for problem solving.  The student needs to ascertamn that
cnough of the teatures that characterize a Change profile are present in the current problem o allow
solutionn. Tn the case that the feature recognition was incorrect, the student will also find that out when
nnportant clements of the problem do not map into the Change profile.

It s usetul to think of the constraint-mapping knowledge in a schema as the means by owhich
the student constiucts a working mentil model of the problem being solved.  The student icuds o
problem, calls upon feature recognition knowledge to suggest the appropriate profile structuie, and then
builds the mode! of the problem by testing whether the necessary pieces are present. When the student
is begimmmyg instuction. SPS displays the diagrammatic representation of the profile and visually places
varous pats ot the problem into the diagram.  As students become more expert in solving problems,
SPS anticipates that they will do the matching process mentally.  SPS focuses its instruction on linking
parts of the story problem 1o the essential elements of each profile. To illustrate the instruction. we
present here a discussion of the Change profile.  Instruction for the remaining protiles is similas

Lo develop the student’s understanding of the Change piofife, SPS presents o theee-part tiguie
designating beginming amount, amounat of change. and resulting amount.  Using a simple situation (with

unknowns) SPS leads the siudent through the diagram, placing the relevant numerical quantities tside
the diagram and explaining why and how these guantities join together to form a Change relation,
Several examples of the how one maps a Change situation follow the explanation.

After o student has had the opportunity 10 practice mapping situations into the Change diagram
{the task itselt is described below in Evaluation) SPS introduces problems in which one of the parts of
the figure has no corresponding numerical value given 1n the story.  This instruction Soging with a siaple
situation, mappad into the three parts of the figure. SPS asks the student to coasider what the situation
would look like it one of these three parts were unknown. The diagram changes on the screen so that
the unknown part contains a question mark. The story problem is reworded to contain a question about
the unknown. The diagram then changes again so that a different part contains the question mak.  The
problem changes as well and the question is different.  In this way SPS gives explicit instiucion about
the question asked 1n the problem and the location of the unknown in the diagram.  SPS Gikes the
student through the allowable set of unknowns and corresponding questions for cach profile. The series
ot questions ashed about a particular Change situation s illustrated in Figure 3.

Previous studies with sixth-grade students, with the pilot-study students, and with university fieshimen
mdicate that there are two areas of confusion that iastvuction s .ould address {c.f., Marshall 1987, this
report, Appendix A) First, students tend to confuse Change and Group problems, especially when the
aritinnetic operation of addition is required.  Second, students tend to confuse Restete with Compuae,
again in the presence of addition and subtraction. Consequently, SPS introduces the Change constiaints
and diagram fise going through the complete instruction, and then does the same with the Group
constraints and diagram. . When both have been fully covered, a special exercise calls for the student 1o
discriminate between the two profiles (by choosing the appropriate icon from o menu containing both
of them) and o make the constraint mapping once the correct diagram is selected.  SPS moves on o
instruction about Compare and then separately to instruction about Restate.  As with Change and Ghioup,




when both Compare and Restate have been covered, the student is asked 10 demonstrate ability o
discriminate between the two and then to map parts of the problem into the appropriate diagram. A
discussion of the Vary profile concludes the constraint-mapping instruction.

Evaluation

Evaluation s i two parts: constraint mapping per se and the relation of constraint mapping
and feature recogmuon.  SPS uses two types of tashs to evaluate students’ constraint-mapping knowledge.
In the first SPS gives the student a set of five situations. Each of the situations is best described by
a single profile. The tash for the student is o match each of the five situations with the name of the
appropriate profile.  This task includes and extends feature recognition hnowledge because it requires the
student to adentify a generic profile for the a situation and also requires confirmation that the profile
does not more accurately describe another situation.  The student must consider each profile with each
situation, deciding when the elements of a situation sufficiently match the structure of a profile. This task
forces the student to compare the five profiles and the five situations with each other.

In the second evaluation task used to assess constraint-mapping knowledge, SPS asks the student to
use constraint-mapping knowledge 1o position the relevant parts of a story into a given diagram  The
situation (ov problem) and the correct blank diagram are presented simubtaneously.  The student moves
the mouse cursor o the part of the situation that he or she intends to place in the diagram.  When
the student clicks the left mouse button, the student’s selected text is printed inversely on the screen (i,
light on dark instead of dark on light). A dotted rectangle having the same size and shape as the
selected text appears on the screen, connected 1o the cursor.  Now moving the cursor will move the
iectangle. The student moves the cursor and the attached rectangle, this time to the place in the
diagram in which the teat is 10 be positioned.  Another click of the mouse button drops the text into
the diagram.®

SPS simplifies these tasks for the student as much as possible.  In the constraint-mapping task
1t does not force the student o move parts of the story word by word.  That would be tedious and
unnecessary.  In most instances the student needed an entire phrase (eg., for the relation "twice as much
as") rather than a single word or number.  Consequently, when the situations and problems were initiatly
entered into SPS, certain phrases were identified as chunks. Some of these chunks are necessary parts
of the problem solution (e.g., the number and its identifier, as in 25 cookies). Others were not necessary
but typically appear together (e.g., names such as Mr. Hamis). Because a student could select any part
of a problem, we chunked all reasonable elements in a problem, whether or not they were required o
solution. When the student buttons in any part of a chunk, the entire set of words and numbers that
make up the chunk are changed to inverted print.  The individual clements cannot be moved by
themselves.

During this task the student has considerable flexibility. f the student desires to modify a previous
response, it can be done simply by buttoning on the selected text, moving the cursor {and attached
rectangle) out ot the diagram, and buttoning again.  The student then returns to the problem, sclects
another part, and drags it into position.  Like all exercises in SPS, this one is under student control
SPS will not continue with problem presentation or with additional instruction until cued. For the
mapping exercises.  the student indicates that the diagram is filled and ready for SPS to chech by
selecting "OKAY" from a control menu printed at the bottom of the screen. At that point SPS
evaluates the response and gives feedback.  If the student has made correct selections, the teedback s
positive and SPS asks the student to indicate veadiness for another exercise. If the student has erred,
SPS informs the student of a mistake and gives the student a second change to map.  If the student
is incorrect a second time, SPS displays both the student’s choices and the correct responses.  Again, the
student indicates when to continue by making a selection from the control menu.

s
= OSPS tcaches thes moves a0 letonal before no! nstracion by gms and alse tovicws them atl the start of the eadiis (WY

subpeits had no difficadty moicanong the mahanival stops
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CHANGE SIHTUATION

There were 50 shyscrapers in Sky Gty
Ouring ¢ bry u:flquch, 40 of them
1Y ¢umbied 10 the giound This lett only
10 shyscrapers sianding 1n Sky City

Figure 3

The Multiple Questions of Change

~

The window to your laft showi » CHANGE stuation Please
ook it over betore reading on

Now 1ead the CHANGE problem below, in which the END
AMOQUNT 13 the UNKNOWN, or rrussing & part.

Thais weie 50 skyscrapers o Sky Gty
40 of them csumbled to tha ground
duting en sarthquake How many
skyscrapers ware left?

Lat's sae how tha stiuation ditters from the problam

Paits Situetion Probigm
OBJECT OF CHANGE skyscrapers skyscrapers
BEGINNING AMOUNT 0 50
CHANGE ACTIONKAMOUNT 40 crumbled  40crumbled
END aMT ?

A3 you (an see. the paits of the situstion and the problem aie
the same The oniy difference s that the problem doesn’t tell
you what the ENO AMOUNT 13 (that's why we used the
question mark) Butit does ask you to figure it out, using the
other information givan in the probiem

In thiy problem, the UNKNOWN 13 the END AMOUNT  Lat's
see how this would ba diagrammed

First, we know what th INAING AMOUNT 15, 30 we put S0
skyscrapers™in tha lowaer lett oval

Next, we know the Change Action & Amount. 30 we put "40
crumbled” in the Change bos

Finally, we ware n01101d Now Man, skysirape:s weia laft
after the sarthquake which s the End amount For this
reason we put the question mark in the End amount oval

[, |
1

w i
CRUMBLED

0
3K YSCRAPERS

Let's lock at anothar sxample of a Change problem

Tow Pugr @ect Poge

seuVop  BeiiPoy

other CHANGE problem. This time
OUNT is the UNKNOWN , or missing .

Thare were 50 skyscrapers in Sky City.
batore the big sarthquake. After the
aarthquake, only 10 skyscrapars were
still standing How many skyscrapers
tail during the sarthquake?

Here you can 1ee that the amount you are supposed to ligure
outis the CHANGE AMOUNT. .the number of skyscrapers that
tall during the sarthquake Notice that the Change Amount is
the only part Unknown. Tha Change Action will siways be
given in the problem.

The quastion mask in the Change box repretents the Amount
unknown.

r--=-=-"
' ? 1

SHYSCRAPERS

e

Finally, let's look a1 8 CHANGE problem in which the
BEGINNING AMOUNT is the UNKNOWN. or missing part

During the big sarthquake, 40 of the
skyscrapers in Sky City crumbled to the
ground. This left only 10 skyscrapers standing
How many skyscrapers weie there before
the esrthquake?

Y ou can sea that the only ditfarence n this diagramis that the
question mark [unknown) s in the beginning smount oval

Vo ¥ oge Nt g
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Figure 4

A. Feature Recognition

INSTRUCTIONS Choota the one disgram below that fits this stary problem. Move
the 8110w 1110 the diagi am you have selected and click the mouse button

During a Monopoly yame john had 3 houses and
2 hotels Iohn had 5Sbuildings on the board

(The student first selects
the appropriate diagram
from a menu.)

/L—.:\J
S

B. Constraint Mapping

Goed. You did them ali corractly. Movae the arrow to GO ON
and click the mouse button when you're ready to go on

During a Monopoly game John had 3 houses and
2 hotels John had S buildings on the board.

(The selected diagram is

enlarged, and the student
maps the elements of the
problem into the diagram.)

1 hetets

1 hauss

IS

-~

-




The task which assesses the hink between feature recognition and constratat mapping elicits two
responses trom the student, a discrimination among types of profiles and a mapping from the problem
to the profile.  In the tash students are presented with a mixed set of problems and situations.  tach
problem or situation is displayed with a menu of icons.  The student’s first response is to select the

appropriate icon (a4 feature-recognition test). I the student mahkes the correct choice, SPS  gives
appropriate teedback and replices the icon menu with the profile diagram which is an enlarged version
of the selected won.  The student’s second response is to map the problem into the diagram (a

constraint-mapping evaluation).  1If the initial selection from the icon menu is incorrect, SPS provides
feedback about the choice und then displays the correct enlarged diagram.

SPS hus three versions of this tash.  One of the versions follows instruction about Change and
Group, and offers a choice only of these two profiles. A second. simitar version follows instruction
about Compare and Restate and allows choice of these two.  The third version follows instruction and
practice with the Vary profile.  In the last one they choose from all five profites. Figure 4 iflustiates
one of the two-choice evaluation items.

Planning/Goal-Setting

Instruction

Planning s quite simple in problems involving only one profile (ie., one-step problems).  SPS
does not teach planning at this level. It deals with planning in problems involving two or more profiles
(i.e., multi-step problems).  To solve a multi-step problem, the student must recognize the diffeient
profiles in the story and order them in such a way that the correct solution can be obtained.  This
entails recognizing the overall profile of the situation and determining how the subsequent profile or
profiles are subordinated to it

SPS’s instruction on planning has three parts.  Part one is recognizing which profiles are primary
and which are secondary.  Part two teaches mapping what is known about the problem into the overall
or primary profile.  Part three develops links between components of two or more profiles. Al three
emphases are impontant in developing a plan.  Ideally, a student should ask himself or herself a sequence
of questions about them such as the following:

PROBLEM: Surah had 31575 in her checking account at the end of March.
She deposited a payroll check of 3870, a gift from her parents for 3200,

and a refund check from IRS for 3315. How much was in her account after
she made the deposit?

Q: Do | know the overall profile?  (feature recognition

A Yes, it's a Change.

Q: Can 1 solve it yet?  (constrainiy)

A: No. there are two missing pats.

Q: Is there a second profile?  (feature recognition)

A Yes, it's a Group.

Q: Can | solve this one yet?  (constraints)

A: Yes, it has three subgroups and 1 know all of them.

Q: Will the solution help me solve the first one?  (goal-scuing)
A: Yes, the Group result is the amount of change required in the

Change problem.




What will my goals look like?
The top goal is Change followed by Group.

> c

Q: How shall 1 proceed to solve the problem?
A Tuake the fower goal (Group) first.  Solve for it
Then take the next goal (Change) and solve for it

In teaching students (o recognize primary and secondary profiles SPS stresses the ditference between
top-down and bottom-up problem solving. It advocates a top-down strategy for planning and a bouttom-
up strategy for carrying out computations. The relationship between these two strategies is made esplicit
through one of SPS's extended examples”’  The example centers on going to medical school.  SPS
develops a plan that outlines the requirements for getting accepted, such as having a satisfactory GPA,
having letters of recommendation, and so on.  The plan is developed graphicaily on the screen, with the
goal (going to medical school) positioned at the top center and with subgoals branching below it.  These
subguouls are themselves developed further by outlining what each entails (such as scoring well on tests,
going to class, etc. for having a satistactory GPA).  When complete, the full plan has the goal at the
top. and it extends downward through subgoals 10 their constituent parts at the bottom.

SPS then discusses how the goal might be achieved and points out the need to carry out all the
steps at the bottom of the plan in order to move up to the next level of subgoals. The plan
development has arrows flowing from the overall goal down to the subgoals. The plan execution reverses
the arrows:  They begin at the lowest part of the figure and point up to the next subgoal

SPS draws an analogy between the medical school scenario and a multi-step problem, showing the
student that the identity of the primary profile dictates the overall goal. At each step in solving a
problem the student should evaluate whether the overall goal has been reached or whether the pursuit
of a subgoal is needed. Subgoals correspond to secondary profiles embedded in the problem. Thus, SPS
encourages the student to develop a system for representing the story problem abstractly in terms of its
constituent profiles and to use that representation as a plan for problem solving. Further SPS
instruction on planning centers on knowledge about semantic profiles. SPS frequently refers to the icons
of feature recognition and the diagrams introduced in constraint mapping. For simple one-step problems,
all but one of the parts of a profile diagram can be filled directly with information given in the problem.
The single unknown corresponds 0 the question posed in the problem. Multi-step problems have more
than one unhnown in the overall profile. One of these corresponds to the question posed in the
problem, just as it does in a one-step problem. The unknown associated with the stated question
represents the primary goal, and the overall profile is the primary profile. The other unknown quantities,
while not answering the primary question, must nevertheless be found before the problem can be solved.
SPS calls these secondary problems. Each secondary problem is solved by recognizing the semantic profite
and using information from the associated schema. These associated profiles are called secondary profiles.
SPS uses only two-step problems in instruction, and, consequently, it focuses on a primary profile and
a4 single secondary one.

As part of its instruction SPS maps simple one-step problems into their respective profile diagrams
by placing the numerical quantities into the parts of the diagrams. The mapping at the multi-step level
is more complex. To help students understand what is known or already given in a problem, SPS makes
an abstract mapping into the overall profile diagram. 1t uses the terms Given for information that is
explicitly stated in the problem, Partial Answer for information that can be derived immediately from the
Given information, and Final Answer lor the value of the primary unknown. Final Answer will require
having the sotution for Partial Answer. This language promotes the maintenance of an abstract mental
model of the entirve problem. The advantage of the abstract model is that it is easier to maintain in
short-term memory when the student begins solving the problem. As the student attempts to solve the

VoAs with the other caended caamples 10 SPS, thiy one was dusclopat 10 be ol particalar mterest o our adult population 1t

wauhd ot be appropeate for dementary or middic schoob students
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Figure 5

A Multi-Step Plan in SPS

THE PROBLEM

BitCatiived at tha horve tece track with thise imes )
much money as he left with. He left with $60.00 How

much did helose at the tiack?

’ummnﬁ
AMOUNT
1 }

i 7 < GOAL

| S . ]

What's missing in this disgrem?

You can sea that by solving the RESTATE situation, you get

You can see that the BEGINNING AMOUNT (the amount of
monaey Eric arrived at the track with), and the CHANGE
AMOUNT (the smount of money Eric lost at the track) are
UNKNOWN. The gos! of the problem is to find out what the
CHANGE AMOUNT is. Obviously we can’t do this without
finding out what the BEGINNING AMOUNT is. How can we
do this?

the information needed to solve the main CHANGE
situation.

Since the answer to the RESTATE situation helps you find
the answer to the main CHANGE situation, wa call this the
partial answer,

Wa call the answer to the CHANGE situation the final
answer, since itis the answaer 1o the problem.
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(The problem as
presented to the
student.)

Figure 6
Iixercise in Recognizing the Primary
and Secondary Profiles

INSTRUCTIONS Read the problem below and look tor the overait
stustion in the problem and the embedded secondary situation First,
~osethe arow 10 the nams of the averall situetion

ur the box marked OVERALL) and click the mouse button Next, move
the arTow to the box marked SECONDARY and click on the situation that
s the sacondary or embaddad ane.

Kareri and Cindy had a contest to see whao couia lose
the most weightin one month Karen lost a total of 10
pounds Cindy went from aweight of 160 pounds to
125 pounds Who wan the contest?

OVERALL
Change
Group
Compare
Vary
Restate

SECONDARY
Change
Group

Vary

Restate

Compare

The main situation in this problem is 8 COMPARE Notice that you are
supposed 1o figure out who won the contest, or who lost the most
waeight To do this, you simply have to compare the amount of weight
Karen lost with the amount of weight Gindy lost Now took at the
secondary situation. Whatisit?

Karen lost with the amount of weight Cindy tost. Now look at the
sacondary situation. Whatis it?

The secondary situstion i1 a CHANGE. Notice that you need to tind out
haw much weight Cindy lost in order to answer the final question. You
know that her BEGINNING weight was 160 Ibs. Her END waight wes 125
Ibs. S0 you need to figure out the amount of weight she lost: the
CHANGE AMOUNT.

Click in the OKAY box to go on

Karen and Cindy had & contest ta see wha could lose
the most weightin one month Karen lostatotal of 10
pounds. Cindy went from aweight of 160 pounds to
125 pounds Who wor the contast?

Karen and Cindy had a contest to see who could lose
the most weight in one month. Karen lost a total of 10
pounds. Cindy went from a weight of 160 pounds to
125 pounds Who won the contest?

OVERALL OVERALL
Change Change
Compare %ompare
Vary Vary
Restate Restate
SECONDARY SECONDARY
Change Change
Group @h
Compare ompare
Vary Vary
Restate Restate
| omay

(The student responds to the first
question by selecting an item from the
OVERALL menu and receives feedback.)

4

(The rtudent responds to the second
quention by selecting an item from the
SECONDARY menu and receives feedback.)




Figure 7

Exercise in Abstract Mapping
of a Multi-Step Problem

INSTRUCTIONS. Read the problem below and study the diagram. For each part of the
diagram, decide whaether the nacessary information is siready GIVEN in the problem,
whether you can find it by first gatting a PARTIAL ANSWER, or whathar you can find
1t as the FINAL ANSWER to the problem. Fill each part of the diagram with one of the
threae choicas. Click in the OKAY box when you filled the diagram.

The final answar for this problem is the numbaer of correct items that Phil answered.
Since you know that lerry answered 10 more than Phil, you first need to know how
many itemns lerry answaered correctly. Jerry's amount is the partial answer.

When you are ready to go, click in the GO ON box.

Jerry answered ten more problems correctly on the math test
than Phil did Jerry gave correct answers to 80 percent of the SO
items. How many items did Phil answer correctly?

Jerry answered ten more problems correctly on the math test
than Phil did. Jerry gave correct answers to 80 percent of the 50
items. How many items did Ph:l answer correctly?

GIVEN  PARTIAL ANSWER  FINAL ANSWER

GIVEN  PARTIAL ANSWER  FINAL ANSWER

2N
\»
~N
-4

GivEN

GIVEN

PARTIAL ANSWER FINAL ANSWER

oRay

(The student is asked to identify
the parts of the problem.)

(The student’'s responses appear within
the diagram. Correct answers are given
in italics above each component.)




problem. of course, he or she will need specific information about the parts of the model and more
detaled mapping. The abstract model is then developed more completely profile by profile.

An important feature of SPS’s instruction is the explanation of how two or more profiles fit
together within a single problem.  This is done abstractly, as described above, using the terms Given,
Patial Answer, and Final Answer. It is also done more concretely by focusing on the profiles, their
constituent parts, and the way these parts are related.  SPS takes the student through the planning and
imking of profiles for several examples.  With each example SPS points out the overall profile and
displays the appropriate diagram. Two parts of the diagram contain question marks, indicating that they
are both unknown, One of the unhnown parts can be found by looking at a second profile that s
also present in the problem.  SPS displays a second diagram, linking it to the first (see Figure S). SPS
cmphasizes that the solution found with the second diagram will have a place in the first.  Thus, the
twa profiles are linked through specific components of the diagrams.

One strength of using icons to represent the semantic profiles is that they can be easily and clearly
finked to cach other.  These connections are umportant in solving multi-step problems.  Students need
o visualize how the profiles can be joined together to form a complex problem. With the icons SPS
i show them directly.

Fvaluution

Two ot the instructional goals described above are evaluated directly in the current implementation
ol SPS. A third form of evaluation is under development and will be incorporated into the system this
wear The two that are now in use evaluate whether the student is able 1o recognize the primary profile
o multi-step problem and whether the student is able to complete an abstract model of a problem.
ihe thud task involves linking the icons and is described at the end of this document under System
Frrenstons.

Students identify main and secondary profiles in several exercises. The first of these exercises
nivolhves reading o multi-step problem and selecting one of two choices tor the main situation.  As with
the constraint mapping instruction, SPS develops the concept first with only two of the profiles (Change
and Cnoup) and allows the student to master them. Two others are then studied (Compare and Restate)
with accompanying exercises.  After the full set of profiles has been reviewed, SPS presents a series of
problems involving a random mixture of all five.

After the student has become proficient in finding the primary profile, SPS assigns tasks involving
the identification of both the main and the secondary situations. [In this case the student gives two
rosponses by making a choice from a menu of primary situations and a choice from a menu of secondary
situations.  Figure 6 illustrates this exercise.

SPS also evaluates the student’s ability to map multi-step problems abstractly. Rather than having
students move text from the problem into the appropriate diagram, SPS asks the student to locate the
woids Given, Partial Answer, and Final Answer within it. As before, the student is given the opportunity
to change a response if it is incorrect.  After two failing attempts to make the abstract map, SPS shows
the student the correct mapping, as shown in Figure 7.

Implementation

Instruction

Fhe last segment of SPS instruction addresses the selection of an appropriate arithmetic operation
tor solving a story problem. This is the first time arithmetic computation is mentioned. At this point
SPS cautions that relying only on key words such as "have left" or “altogether" in choosing an
appropriate arithmetic operation often results in errors. It stresses instead that choice of operation
i dependent upon profile identification and upon awareness of which part of the profile model is
mussing. This is an important aspect of schema-based instruction: The use of key words and set
equations is aot a satisfactory method for solving problems.  Unfortunately, it is sufficient for many
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simple one-step problems, and a large number of siwudents apparently have developed key-word strategies
(c.f., Marshall, 1952, Sowder, 1987).

The following exampie illustrates the instructional methods employed in SPS.  Consider this Change
problem:

Jim added 20 more wvaseball cards t his collection. He then had
68 cards altogether. How many cards did he have 10 begin with?

SPS explains that, although this situation clearly reflects the addition of the new cards to the existing
ones, the arithmetic operation needed to solve the problem as stated is not addition. SPS points om
that in this case the initial amount is unknown, To find it the student needs to subtract the amount
of change from the total rather than add the two. In this problem SPS encourages the student to
identify the profile (Change), to use constraint knowledge and feature recognition knowledge to develop
the appropriate diagram (either mentally or on paper), and ta determine where the unknown occurs
within the profile.

Students using SPS already have strong knowledge of arithmetic operations -- including algorithms,
usages, and requirements.  SPS augments the student’s operational knowledge and helps create schemas
that incorporate the existing knowledge with new knowledge about semantic profiles.

SPS implementation instruction consists of a briel review of the important parts of each profile,
examples of profile-specific problems with each part missing, and the appropriate operation to be used
in each example. Diagrams are used to show the student how to determine which part is missing and
how to consider which operation to use in finding it. This section of instruction refers directly to the
recognition, constraint mapping, and planning components of SPS and links them with the implementation
component.

Evaluation

An exercise follows the computation discussion about each profile. In each exercise SPS presents
a problem and asks the student to select an arithmetic expression that will solve it. The arithmetic
expression does not require the student to make a computation. The expression has the form "Subtract
250 from 375" or "add 5 and 8". Following instruction and exercises for each profile is a task in which
problems representing all five profiles are randomly presented. Figure 8 shows this task.

The Synthesis

Two assessments are made at the end of instruction, an on-line test and a traditional paper-and-
pencil evaluation. The on-line task requires the student to recognize, diagram, and plan a solution strategy
for problems which contain various combinations of the five profiles. This exercise tests whether all of
the knowledge is successfully linked together. It also gives students practice in using the components
simultaneously. The student makes two responses in this task. The first response is the choice of the
appropriate icon (feature recognition). The second response is to indicate the unknown in the selected
icon. Knowledge of constraint mapping and planning are required here but are not specifically and
separately cued. The student must make the mental mapping (either specific or abstract) to locate the
overall unknown of the problem.

The paper-and-pencil evaluation consists of a set of multi-step problems.  For the first time
students are asked to solve the problems, carrying out the operations and answering the questions posed
in the problems. They are also asked to indicate which of the profiles are oresent in each problem.

The two forms of evaluation provide data about which parts of the schemas are well learned.
In aggregation these data provide information about the efficacy of the system and give clues about
where instruction might be expanded, compressed, or otherwise improved.




Figure 8

An Example of an Implementation Exercise

INSTRUCTIONS Read the probleim belove end thei luvhk et
the possible steps you might take t0 30lvs the pioblem
Selact the one that will solve the problam correctly. Move
the arrow to your selection and click the mouse button

No, this 15t the correct chowcs In this CHANGE problem,
Dan had 45,631 miles on s car after ha drove to Sante
Barbaia Thisis the END AMOUNT. He had 215 miles fawer
than this before he drove to Santa Barbara. 215 s the
CHANGE AMOUNT. Y ou are supposed to find the BEGINNING
AMOUNT: how many rrules Dan had on his car before he
drove to Santa Barbara The coriect way to do thisis to
subtract, not add, 215 from 45,631, which is tha last choice.

Chick in the OKAY box to go on.

Dan Robinison recently drove 215 miles from
San Diego to Sarita Barbara to see his parents.
When he arrived at hus patents’, he noticed
that the odometer of his car registered

45631 miles. What was the odometer reading
before he made the trip?

Dan Robinson recently drove 215 muiles from
San Diego to Santa Barbara to see his parents
When he arrived at his parents’, he noticed
that the odometer of his cat registered

45631 miles. What was the odometer readiny
before he made the trip?

POSSIBLE STEPS:

Multiply 215 by 2

Add 215 and 45,631
Oi1de 45,631 by 215
Subtiact 215 from 35,631

POSSIBLE STEPS:

Muitiply 215 by 2

| oRAY

(The student makes a selection from
a menu of responses.)

{(The student’s response is inverted.
Feedback is situation-specific.)




SYSTEM DETAILS

Equipmernt.  SPS was developed in Lisp on Xerox 1186 Al work stations with 40 megabytes of memory.
Each work station is equipped with a Xerox 6085 series keybouard, floppy drive, 19-inch display, and a
three-button optical mouse.

In field tests and in experimentai laboratory studies students
worked independently.  Typically, four students were present at the same time, each interacting with SPS
at a stand-alone work station. Students participated in 53-8 instructional sessions, with most sessions lasting
43-60 minutes.

Student Responses.  Students interact with SPS by means of the opticai mouse. A special tutorial
instructs them in the use of the mouse prior 10 the onset of SPS instruction about the profiles.  Students
move into the SPS instruction only when they have mastered use of the mouse. The mouse tutorial
shows the students how to move the cursor on the screen by moving the mouse, and it gives students
practice in making menu selections and in moving items around on the screen. At the end of the
tutorial students complete a short exercise using the skills they had just learned.  When students appear
to have trouble manipulating objects on the screen, the system provides them with more practice.

In SPS students respond to items in one of two ways. The first way allows students 10 make a
menu selection.  Typically the menu contains two o five items, and the student need only move the
cursor 1o the item selected in the menu and press the left or middle mouse button.  See Figures 1, 4b,
and 6 as examples.

The second response mode involves repositioning items on the screen.  For this response the
student aligns the cursor and the item to be moved (usually text) and presses the left button.  The
selected item changes to inverse print on the screen and a dotted box having the shape and size of
the selected item appears.  When the cursor is moved, the dotted box moves with it.  The student
positions the dotted box in the desired new location and again presses the mouse button.  The invented
region returns o normal, the dotted box disappears, the selected item is copied onto the new location.
Figures 2, 4b, and 7 illustrate this response type.

Screen Design of Instructicn.  SPS presents much of its instruction through a centval 6 172" x 9"
window on the 11" x 15" screen.  Attached to the window is a menu with the options  "Next Page*
and "Last Page", allowing students to proceed at their own pace, moving o the next page or returning
to previously displayed instruction if desired.  Other windows, up to three at once, appear at various
times during instruction. These windows are of differing sizes and locations. They allow simultaneous
presentation of an example problem, a description of its strucwure, and a graphical illustration. Control
of the display passes from window to window. Some of them remain on the screen as others change
or vanish.

Exercise Design. Exercises drill the particular features of problem solving covered by SPS instruction.
Many of these concepts are intermediate problem-solving steps that may be rarely observed in ordinary
instruction.  SPS contains thirty different exercises. The individual student may encounter all of them
or a subset, depending upon the time limitations for instruction. Typically, whenever a new concept is
introduced through instruction, it is followed by a simple exercise that further demonstrates the concept
and atllows the student to use it directly.

The exercises are designed to allow explicit evaluation of the four components of schema knowledge
as described above. Some of them have only a single response from one menu, some contain multiple
menus and hence multiple responses, and still others necessitate making selections and moving clements
around on the screen. When the response is a menu selection, SPS evaluates the student’s response and
makes appropriate feedback (as described below).  The student has only one opportunity to respond to
an item and SPS evaluates that response as soon as the menu selection is made.

Evaluation is delayed in tasks requiring the student to move items. This design is most often
used in the diagramming exercises. Such tasks generally have several items o be moved.  SPS gives
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the student several opportunities o respond and delays evaluation of the response until the student
signals completion by buttoning in u control menu window.  SPS assesses the accuracy of each item
that has been positioned in a dugram and allows the student a second attempt if any of the items is
incorvectly located. The student first buttons on the “FIX" option in the control menu window, clearing

the screen ot the previous response.  The student then repositions the items as desired. Once the
student is satistied with the new response. he or she buttons on the "OKAY" option.  SPS evaluates the
response and  gives feedback.  To continue the student buttons on "GO ON" in the control menu
window.

ftem  Banhs,  SPS iequires three item banks:  sttuations, onesstep problems, and multi-step problems.
Each bank contains a large number of items, and each item has a set of properties associated with 1t
SPS uses these properties to assess corect responses to the varions exercises and o provide velevant
feedback 1o students. Each item may be used in o variety of exercises, and there is no single correct
answer associated with each one.  Depending vpon the eacrcise, the appropriate answer might be the
identification of the underlying profile(s), the correct mapping of the specific elements of the item, an
abstract mapping, or an arithmetic expression.

SPS uses problems and situations that were created for it and that conform o the following
criteria: - Traditional key words and phrases are avoided whenever possible,  themes and stary lines are
appropriate for young adults,  bems are worded for clear mapping o the profile diagrams, and
numbers used in the problems are simple.

Feedbach.  SPS provides feedback to students who answer an exercise guestion incorrectly.  The nature
of the fecdbuck depends upon the particular exercise.  In the feature recognition tasks, SPS’s respanse
to the student depends upon how the student is doing in the particular exercise.  If the student makes
two errors in identifying a particular profile, SPS gives supplemental review about that profile. I the
student has enred on three consecutive items, SPS provides a general review of all profiles.  If the
student s generally doing well but makes an occasional eror, SPS gives @ short message indicating why
the student’s answer is incorrect.

tecdback on the mapping tasks is brief.  When a student fist errs on an item, SPS indicates
that the response is incorrect and asks the student to try again. After o second error on the item.
SPS simply shows the student the correct mapping.  The student’s own attempt remains on the screen
together with the correct response so that the student can see how his or her answer differs from the
correct assignment.

The planning exercises demand a different type of feedback.  When the student selects an incoriect
primary or scecondary profile, SPS gives problem-specific feedback. indicating why the student’s setection
is in error and identifying specific characteristics of the problem to which the student should attend.
The implementation exercises also incorporate problem-specific feedback.

Each instructional session ends with a task for which no feedback is given.  Sessions are typically
50 minutes in duration (similay to a class peviod in high school or university).  SPS monitors the time
and e¢nds the instructional session at an appropriate juncture, usually at the conclusion of a set of
instruction and related exercises.  Before the student leaves the work station, he or she is ashed to
respond to an end-of-session task which functions as a daily quiz.  In early sessions, the task involves
matching the five profile names to five story situations.  In later sessions, the student identifies the
location of the unknown in the problem.  On both of these tasks, the student makes his o1 hes
responses to a small number of items and then exits the program.

Record Keeping., SPS keeps a continuous log of each students activity. it records the date, the time
required for each exercise, the specific problems used in the exercise. the student's responses to each
problem, and SPS’s rejoinder. During cach exercise SPS refers 10 the log and to the student’s current
responses to develop a model of how the student is performing. Al various points 1n the exercises, SPS
will stop the student and will provide additional instruction if ihe student appears 10 need it This
supplement may take the form of a quick review or may be an extensive remediation.
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System Implemeniation

SPS has been used in a four-week remedial course for community college students enrolled n
basic mathematics or beginning algebra courses. The course met twice a week for a total of eight cliss
sessions.  Approaimately twenty-five students completed the program of instruction.  This course seived
as a field test and led to several important system modifications.

SPS has also been the basis of luboratory experiments in which college freshmen participated
These students attended five sessions and were individually interviewed following each session.  Some ot
them also participated in a follow-up study twa to three months after the original study.  Data fiom
these implementations are currently being analyzed and will be reported in a separate report.  Initial
indications are that students can easily learn the semantic profiles, they can carry out the constiant
mapping and planning tasks, and they find the icons useful.

System Extensions

Once the students have developed semantic schemas for story problems it is desirable to have un
environment in which they can instantiate them and in which SPS can monitor the usage of them. To
this end we have developed a problem environment (PE) in which the student has the capability o
selecting icons to represent parts of a multi-step problem and of manipulating them to model the
problem.*  Figure 9 illustrates the environment.

The problem environment is student-controlled.  The student can select which icons to use, can
link and unlink them, can enlarge and map the various parts of them, and can ask for confirmauon
or help from SPS at any point.  SPS will not direct the order in which any of the problem-solving
steps are carried out by the student. SPS provides advice when asked and will test for the student
whether a representation leads to a successful solution of the problem.

4w acknowicdge J P Manhaii for his programming assistance in budding the peoblens vovironmend
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Figure 9

The Problem Environment
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APPENDIX A

Prior to the development of SPS we carried out experiments to evaluate specific design features
tor SPS.  Described here is one experimental study of the effects of sequential versus all-at-once
presentation of the situations.

The Experimental Question:  The issue is whether students will be more successtful in learning
when each sitvation is described individually and in detail, one at a tme, or whether students will
be more successful i learning when all five situations are introduced broadly and then described in
relation to each other. The former should cause greater depth of feature recognition information buy
perhaps be weakey in constraint (and discrimination) knowledge.  The latter sheuld build a knowledge
base that allows casy discrimination among the sitwations but muy lack adequate feature knowledge.

Procedure: 126 San Diego State University students participated in the study.  Half of them
received Sequential Instruction (with each type of situation developed fully before the presentation of
another one) and the remaining half received Parallel Instruction {with all types presented at once and
discussed together).  Each student worked through a paper-and-pencil exercise booklet. At the
conclusion of the experiment, the students were asked to sort 206 probiems according to the situations
they had just studied. The sorting task was used to evaluate the students” understanding and
recognition of the five situations.

Results;  Cluster analyses of the sorting task are given in Figures Al and A2 All students
learned something about the situations, and they were able to sort more than half of the problems
correctly.  The students in the Parallel group performed better on this tash.  They were more
successful in forming appropriate clusters of the problems, and their clusters were more lightly linked
(as can be seen by the shape of the clusters in the figures). Moreover, the Sequential Group had
difficulty in distinguishing berwveen Compare and Restate.  The largest cluster formed by this group
contained problems of both types.

Both groups had difficulty in distinguishing between certain Change and Group items.  There was

also some confusion in both groups among some of the Restate and Compare items, although this was
much more prominent in the Sequential Group.

Al




Figure A.l
Results of the Sorting Task: Sequential Group
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