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THE USE OF NARRATIVE: GENDER D IFFERENCES AND IMPLICATIONS FOR
MOTIVA TION AND LEARNING IN A MATH GAME

Sarah Joy Bittick and Gregory K. K. Chung
CRESSTWniversity d California, Los Angeles

Abstract

The use of a narrative in educational contexts has been found to encrebse ar ner s 0
experience of flowor absorption in aask. This increased experience of flow can in turn
result in increased retention and learning outcomes. However, narrative can also be
polaizing particularly in the maldominated realm ofideo gameplay due to gender
stereotyping or underrepresentatiafi females in games. Considering studies on
narrative, flow, and gender differencesvideo games, it is expected that masculine and
feminine narratives used in an educational game would result in differences in learning
for the two genders. This study lemented two narratives into a rational numbers math
video gameto compare engagement and learning outcobet®/eengendes and in
comparison to a nenarrative version of the gam@ne hundred sevengeven students
enrolled ina remedialmath course, pe-algebra, or Algebra 1 participated in the main
study; this included 85 males, 80 females, and 12 studemisdid not report their
gender.Results indicate that narrative did increase student experience of flow and
positive perceptions of the game, esplg when males were matched with the
masculine version of the game. Increased learning outcomes took place only when
students were placed in the masculine narrative and when males were natthed
masculine narrative.

Introduction
Background

Narrativecan be a potent instructional strategy to facilitate how students encode, recall,
and transfer learned material. Many gaming environments use narrative to communicate to
the player the context of the game situation. For example, narrative is often ysedide
the player with a sense of who their character is, where they are situated, what challenges
await them and why, and whegsourceghuman or otherwise) are available to overcome
those challenges. From an entertainment perspective, the use dfveacen serve to
enhance player motivation, increase player engagement, and affect how a player values
completing variousasks or missions within a game.

Studies involving narrative demonstrate the overwhelming impact the presence of a
narrative can haventheengagement a person experiences while participating in the activity.
Experience of flow, transportation, presence absorption are terms usey fesearcherto



describe t he experience BRus$selleb& Bilagzic,i20@8s t 0 [
Csikszentmihalyi, 188; Green, Brock, & Kaufman, 2004; Park, Lee, BnKang, 2010).

These experiences are measured with a variety of affective responses or outtmmes.
example, in a study of a computeaised business cours#0% of learnersreported the
integrated details about the story and course content when\abkédvas most interesting

about the courséBielenberg & Carpente®mith, 1997) Some studies have specifically
considered the role of narrative wideo gams , of ten using surgpafesenc
student engagemerRark and his colleagues found that students given-ggmestory in

the form of a videageported increased positive views of thdeo gameand higher feelings

of presence while playing (Pagt al, 2010).In a study comparmp storybased and nen
story-basedversions of dirst person shooter gameesults indicated that students receiving

the narrative versions reported higher identification with the character, feelings of presence,
and more positive emotional responses t® game(Schneider, Lang, Shin& Bradley,

2004).

It is necessary to combine educational theory and game design so that learning games
will be both effective and engaging (Kiili, 2005). Tgght be achieved through these of
narrativein educational gamg asnarrativehas been shown in the studies mentioned above
to increase engagement. There seems to be some inconsistency in the literature as to whether
engagement will, in fact, increase student learning. One study of a hypermedia learning
environment @l not observe increased learning when students expediéigieer levels of
flow (Konradt & Sulz, 2001)However, other studies including one involving gabased
learning found that learningas positively impacted by increased flow experience (Skadberg
& Kimmel, 2004; Webster, Trevino, & Ryan, 1993Additionally, there is evidence
suggesting thathe use of narrative in educational garmsasimprove student performance
on a posttest for example, and increase theirpsztfeived understanding of thenga
(Koenig, 2008)A goal of this studys to assess the learning differences that may arise when
students are given a narrative in a matleo game

Unfortunately, not just any story can be inserted into a learning game; its themes and
representations atharacters must be taken into consideratinfusing an explicit narrative
into an educational game does not guarantee engagement or value on the part of the player
an «plicit narrative can be polarizing to some play@€oenig, 2007). This may be pally
due to stereotyping within a narrative that may be unattractive to certain groups of students.
This seems to be especially true with regard to gender and ethdoibpé€r, Hall, & Huff,
1990 Moreno & Flowerday, 2006 Certain themes in video gasjesuch as competition and
aggression, can lead to decreased interest and increased stress for, fespaleslly in



public situations(Cooper et a). 1990; Funk & Buchnm 1996b). Additionally, gender
stereotyping anthe lackof female repres#ation invideo games may bgreatcontributing
factors to the lower frequency of gameplay by females (Dietz, 1998)dent learning
outcome<ould be adversely affectasthce interest and anxiety have been found to be related
to student domain knowledge and penience (Pekrun, 1992Tobias, 1994 These prior
studies on gender amileo game suggest its likely that males and females will experience
flow differeny for video game with differing narrative themesand thereforehave
inconsistent learning gaires well.

This study considers the motivational benefits of the presence of a narrative in a math
game and its relationship gender and learning outcomes. In particular,ithpact of the
presenceor absence of narrativeavas compared orstudent motivationand learning.
Masculine and feminine narratives wedleveloped to targeany differences by student
gender that may occur when they are given a narrative that is matched or mismatched to the
st ude nt.@reviogsstndike aonsidered narrative, motwvatand gender differences in
commercial games, but the current study applied these concepts in a mathematics video
game. V& hypothesize that the presence of a narratweuld yield increased learning and
motivation and that thereould also be gender feficts based on the type pérrative the
student receivedYpecifically we hypothesized

e Hypothesis 1aThe presence dd narrative will increass t u d mativasod and
game engagement;

e Hypothesis 1bThe presence @ narrative will increasstudent mdt learning;

e Hypothesis 2aStudentswho are matched with the gender of th@meavatar will
have higher motivatioandengagement compared studentsvho are mismatcha
with the gender of the avatar; and

¢ Hypothesis 2bStudentsvho are matched with the gder of the game avatar will
have greatemath learningcompared to studentsho are mismatched with the
gender of the avatar.

Game

In collaboration with CRESST, USE Game Innovation Lab designed and developed a
prototype game that was used as a resetstibbed(see Figure 1). The game requires
students to apply concepts underlynagional number addition. t8dents are presented with
the challenge ohelping the game charact®atchjump overhazards to safelyeach a
degination To do so, students place trampolines at various locations along arome-
dimensional grid. Each trampolinernsade bouncyy the studentraggingone or morecoils
onto the trampolineA coil has a value that represents a whole aniractions thereofThe



distancePatchwill bounce isthe sum of all cod (values) added to the trampolinor
example, if the student drags a coil of 1 unit onto a trampoline, that trampolineausk:
Patchto bounce exabt one unit.

Score: 26400 Stage 3 Level 36

Figure 1. Screen shot oddave Patch

In Save Patchgne whole unit is always the distance between two liRggifel). This
unit becomes the referent for coils of fractional bounce later on. Coilbeaadded to a
trampoline to increase the distance Patch will bounce; however, only coils of the same
fractional size can be added together. While any size coil can be placed on the trampoline
initially, subsequent coils can only be added to the tramgdiiithey are the same size (i.e.,
havethe same denominator).

The game exploits an important property of real nunébexsmbers can be broken into
smaller, identical parts to facilitaiddition, aprocessthat is similar in both integer and
fractional addion. An important gamelesign goal was to makbée connections between
integer addition and fractional additioexplicit. Moreover, the gameplay requires that
players focus on the size of a unit when they are adding coils to a trampoline.



As gameplay prageds trampolines must be placed at distances along the grid that are
fractional parts of the whole unit. In early game leysfsdents are given the fractional unit
coils. In later levels, students are shown how to break coils into fractional unitsisBexdy
coils that have identical units can be added together, students must be attentive to what the
rational number means, to what units are being added, to what units are already on the
trampoline, and to how they will break coils into different sizec@s. So while students
could add a colil that is 1/2 a unit to another colil that is 1/2 a unit, they are not allowed to add
a coil that is 1/2 a unit to a colil that is a whole unit until the whole unit is broken into two
1/2-unit coils (i.e., 2/2). At théime all three of these coils are added to the trampoline, the
trampoline would show that it had 3/2 (rather than 1 1/2) units of bounce. This notation is
intended to reinforce both t he meani ng of
understanding of thmeaning of rational numbers.

In Save Patchthe procedure for converting fractions of different sizes (i.e., fractions
with different denominators) is not accomplished through multiplication. Rather, students are
shown how they could break the coil intwre pieces (each smaller in size) or fewer pieces
(each larger in size), respectively. For example, a coil that was one whole unit could be
broken into two halves, three thirds, and so forth. If the student used the same procedure with
a 1/2 coil, then té coil broke into two fourths, three sixths, and so on.



PILOT STUDY

Two narratives were tested in the pilot study with the main purpose of gathering
information on how male and female students respond to and engage in games with different
narrative themeand any impact this may have on learning outcomes.

Method

A pilot study was conducted to test measures and student respmasearrative in the
game.This study took place at high schooin Tulare, California.

Participants

Fifteen studentenrolledin an Algebra Irepeaterclass(taking Algebra 1 forat least
thesecondime) participated in the pilot studiine participants were ma(éour 1ah grade,
five 11th grade) andsix were femalgall 10th grade). All students werdispanic/Latino(a)
andeigh studentgeported speaking a language other than English all or most of thattime
home St u d enath gsades on their last report card edigom C to F with ninereceiving
Fé. The males reported one C, two @, and six s and females reported tvw@s, one D,
and three &.

Design

Two versions of the gaemwere created, one with a femiaiperspective and the other
with a masculine perspective. Each game contained an avatar and narrative thed mhatch
perspective of the gamEigure2 shows the female and male avatars.

Figure 2. Female and male avatars



Students were randomly assignecctmditions resultingn sevenstudentsn the male
narrativecondition and eight studentsin the female narrativeondition. Table 1 gives the
distributionof male and female studentstive two conditions.

Tablel

Distribution of Males anéremales by
Narrative Condition

Gender Female arrative Male rarrative

Male 5 4
Female 3 3
Measures
Math pretest and posttest. A 20-question( U = n = B) @nath pretest covering

fractonswas used to assess eoftraicha numbedsThe pretestr kno\
included items oradding common and uncanon denominators, identifying pieces of a

whole unit, and listing fractions by siz8tudentstook a2%-item posttes{ U =n=7 8,

with the first 20 question§ U  =n =.8)c8veringtopics similar to those on the pretestd

nine additional gamespecific posttestitems ( U = n = BB specifically addressing
understanding of math gwesentedn the game.Students having 20% of the pretest or

posttest missing were not included in a calculation of the measutieese students were

most likely nonompliant in completing the math measure and were not included in tests
dealing with math outcomes

Math attitudes. Students completed ad-ltem survey adapd from Marsh, Hau,
Artelt, Jurgenand Peschar (2006neasuring their confidenda and attitudesaward math
and school in general. From these itestales were calculated todicates t udent sé se
belief and interest in matnd academic tasks

Game experienceGame experience was measured viaisgdbrts of how much time
participants spent playingames in general. Participants were instructed to indicate how
often (a week) they plaglvideo games (1 none,2 =1-2 hrs/week3 =3-6 hrdweek,and 4
= more than 6 hrs/weégk

Motivation and engagementoutcomes Students completed a survey after galaep
in order to measure perception of their experience with the .gamgoint (1= disagree 2
= somewhat dagree 3 = somewhat gree 4 = agreg Likert scale was used for all items.
Five scales were created from the itemdlingness to replay gamente distortion, negative



perception of challenge, positive perception of challeagdstudent evaluation of gaminess
(i.e, did the game incitehe feelings of engagement and desire taypWwith friends that
accompanyideo gams). The replay scale consited of ninetems( U = n = 18)8and
were:

| became hooked on the game

| was concentrating a lot while playing the game

| enjoyed playing the game

| thought the game was fun

If the game had more levels, | would want to play them

| would play this game again

Beating the dferent levels made me feel good

| did not want to lose in the game

| cared about earning points in the game

here wer e f in=d4)inthaimesdistoriibnscale angl they were:
| was concentrating a lot while playing the game
It felt like | was playing the game for less time than | really did
| forgot about everything else around me while | was playing the game
Time seemed to go by quickly when | played the game

a hr w0 dDPE 4 © 00Nk wDhPRE

| lost track of time when playing the game

The negative perceptions of challemgcale consisted ofiei t e ms 8(n& 15 . 4
and were:
1. Ithought the game was frustrating
| thought the game was hard
| got annoyed playing the game
| was confused about how to play the game

a bk~ DN

| had to try really hard while playing the game

The scalgositive perceptions of changec onsi st ed of hHhF+Meandi t e ms
were:

| thought the game looked cool
| would have liked to play longer
| wish | had more time to play the game

H w0 Dnh e

| would play this game when | have free time



5. I liked that the game was hard sometimes

Thegame features cal e consi st ed mo=fl5)andtheyaere:t ems (U
1. Ilost track of time when playing the game

2. lreally got into the game

3. l'would tell my friends to play this game

Narrative survey. Students werasked to respond in writing to quiesis measuring
their perception of the narrative version of the game sutheaisimpression and enjoyment
of the character and stony the gameThe survey consisted of seven questions:

1. If you had a choice, which of the following avafaharacters wodl you choose?
(thechoicesare presenteih Figure3)

What would the name of your character be?

Write a narrative (story) that would go along with the game you just played.
What grade level do you think your stampuld be appropriate for?

Did you like the character you were given in the game? Why or why not?
Was the story in the game interesting? Why or why not?

N o o bk~ 0D

What grade level of student would think the story and game were interesting?

Figure 3. Four avatar choices given to students.

Responses to @gstions 5 and 6 of the narrative survey were cadagither positive
(e.g, fiyesp fof course) or fidefinitelyd) or negative €.g, fino, it was boring). Additionally,
two studentsgae t he r e s p o ngestionfonwhith wasicodedundéfinoed Q

Background information. Students were asked to provide background information
such asyear in schoolgender,ethnicity, frequency using a language other than English at
home, angrior math grades



Results
Impressions ofCharacters and Narrative

A trend toward more students responding that they liked the character they were given
in the game was observed for students matched with the gender of the avatar theumdhose
were mismatched’(1, N = 15) = 2.02p = .15.Specifically,13 of the 15 students responded
that they liked the character they were given in the game, while only two said they did not
like the characterTwo studentswho disliked their character were mismatched witkirth
gender One was a malesho received the female narrative and the other was a fentade
received the male narrative. This distribution is showhahble2:

Table2

Distribution of Matched/Mismatched Med and Females by
Whether They Likedhe Character

Player relation with avatar Liked character
Match Yes No
Male
Matched 4 0
Mismatched
Female
Matched 3 0
Mismatched

Similarly, most students (12 out of 15) responded that theught the story in the
game was interesting. Of the studewtso did not respond positively to the narrative, one
male who was mismatched with the genderRditchsaid that the story was not interesting
and two students (one a matchmdleand one a misntehedma | e) sai d ANot sur
k n o Wl fémale studentsregardless of gender matchjmgsponded positively to the game
narrative. The distribution of responsegardinginterest in the story is shown ifable 3
(see fdlowing page):
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Table3

Distribution of Matched/Mismatched Males and Females by Whether They
Foundthe Story Interesting

Player relation with avatar Found story interesting
Match Yes No Not sure

Male

Matched 3 0 1

Mismatcted 3 1 1
Female

Matched

Mismatched

Math Outcomes

Although the difference was not significamtyerall posttest scores were higher for
studentswho were matchedn = 5, M = 103, SD = 6.1) with the gender of Patch than for
thosewho were mismatche@n = 4, M = 7.7, SD = 2.4). Mismatchedstudentsif = 7, M =
8.0, SD= 3.7) scoredonly slightly lowerthan matched students£ 5, M = 8.2, SD=2.5)on
the pretestThe nonsignificance observed hemay bean artifact of small sample siz
especially giverthemoderate effect size,= 0.61.

The means for scales of motivation and engagement from the narrative pilot were
compared to those collected from another stwith no narrative versianThe study took
place at the same school an Algebra 1class taught by the same teacher ukedthe
narrative pilot. Twentfour students participated in the study with no narrative
implementation. The purpose of this comparison was to see if students would respond more
positively to the game whendi played a narrative version. All positive measures of student
engagement, motivation, and enjoyment were higher for students in the narrative pilot. These
measures i ncluded: student willingness to
distortion whle playing, a positive perception of game challenge, and perception of game
featuresDi f f erences were significant f ot(36)st udent
2.55,p = .015 and perception of game featurg86) = 2.02,p = .05. Table4 presents the
descriptive statistics for the common scales betweers¢bhend Algebra 1 classend the
narrative pilot.Effect sizes range from small to larggé;o h edwalues are listed iffable4
(see followng page):

11



Table4

Descriptives for Scalesrém Tulare Study and Overall Narrative Pilot

No narrative ersion Narrative pilot Effect size

Scales n M SD n M SD Cohed
Replay game 22 262 081 14 299 055 0.53
Time distation 23 270 0.85 14 291 0.85 0.25

Positive challenge 26 235 0.78 15 3.00 0.76 0.86
Negative challenge 24 214 054 15 221 051 0.14
Game features 23 2.26 0.81 15 2.82 0.88 0.69

Discussion

Studentswho participated in the narrative pilondicated high levels of engagement,
interest and enjoyment of the gamblean responses to scales measuring desire to replay,
perception of time distortion, positive perception of challenge, amdepion of game
features rangefrom 2.8 to 3.0; items udea 4point scale (1 =disagree 2 = somewhat
disagree 3 =somewhat agreel =agree so a mean of 3.0 indicates that students responded
at the positive endn fact, the median score for these scales ranged from 2.94 té 3.0.
comparisonof scale meansof the pilot studywith a similar class of students playing a
version of the game withoatnarrative suggests that tpeesence of thearrative increase
motivationand enjoyment of the game. However, other differences between the two studies
may accounfor sane of these differences as wedl;nonnarrative version needed to be
included in thamain study as a control. This trend is interesting and forms the basis for one
hypothesis for the main study: that motivation, engagena@uit interest in the ganwell be
higher for the narrative versions of the game.

We are particularly interested in any learning gains that may be caused by the
implementation of a narrative in a math gatdaher posttest scores for studemtso were
matched with the gender é¢fath than for mismatched studensuggestedhat learning
outcomes may be impacted by gender matchiigs difference was not significant but the
mo der at eds@gestedrad effect of gender matchirgy. this reason, the main study
also included a maland female narrative so thetident performance based on gerubend
be considered between the two.

12



MAIN STUDY

Method
Design

A 3-group pretest/posttest design contrasted two story frames and a control condition.
The two types of narrative themes werg (aasculine (aggressive, focused on a final
showdown fight), and (b) feminine (focused thie relationship of twin sisters). The control
condition had no narrative and the gender of the avatar was unspecified.

Participants

One hundred sevensevenstudens in Gades 612 participated in this study. Students
were enrolled in one of the following courséth grade math, pralgebra, algebra, or
Algebra 1 repeater. Participam®re randomly assigned to one of three conditions resulting
in 62 participants inthe masculine game narrative conditioB,rticipants in the feminine
narrative condition, and7 participants to the control condition (i.e., no narratiggveny-
six percenpf students were in@des &o 10. Thedistributionof students by grada ischool
is listed inTable5.

Tableb

Frequency and Percentage of Participants by
Grade

Grade Numberof students Percendge

6 11 6.2
7 11 6.2
8 22 12.4
9 76 42.9
10 37 20.9
11 10 55
12 2 1.2
Total 169 95.5

Note.Eight students did not report their
grade in school.

Eighty-five males andB0 females participated in the stydynd 12 students did not
report their gendeiTable6 shows the distribution of each of the threedibans by gender;

13



there were no significant differencésr measures of math knowleddeetween the six
groups

Table6

Distribution of Males and Females for Study Conditions

Narrative theme

Gender None Masculine Feminine Total

Male 23 30 32 85
Female 19 27 34 80
Total 42 57 66 165

Note.Twelve students did not report their gender.

Other demographic data included prior math grades, ethnicity, and frequency speaking
a language other than English at ho®@e. their last report ¢d, 17.5% of students reported
Aés, 16.9% Bs, 14.7% @5, 18.6% [3s, and 20.9% @ for math. Eleven percent of students
did not report their laginath grade. Over 50% of students were Latin®5% were Wite,
and all other groups (African Amesdn, Asianor Pacific Islander, and multiethnic or
biracial) were below 7% each. Approximately 45% of students reported speaking a language
other than English outside of the home half or more of the time.

Gameand Narrative Themes

The narrativedheme was presented payers viaa series of images that popped up at
specific points in the game to further the story as the plaympleteccertain portion®f the
game.Both versions hadimilar pacingand the masculinthemed game hatil story images
and the femininghemed game hadO. The imagesand text contained in themere made
feminine and masculinbased on prior video game research onsiereotyping in game
software. Coopeet al. (1990) found that when given a madgented computer game,
females experiencedare stress during gameplay than when they played the ferialded
game, especially in a public settjrand the same was true for male students when playing
the femaleoriented gameMale players tend to prefer games that involve violence, action,
and ggression while females enjoy whimsical themes that emphasize cooperation without
aggressive action (Coopet al, 1990; Funk & Buchman, 1986 Malone, 1981; Morlock,
Yando, & Nigolena, 1985). For this reason, the main difference in the goal within the
feminine and masculine narratives was the presence of aggression or emphasis on a final
showdown in the form of a fighth the masculine narrativaBoth stories introduced the
antagonist, the Evil Skull Puppet, and the goal inntlasculine and feminineersons was to

14



get &ross his traps for an exprepsrpose. In the male version of the game, the story
emphasized a need to fight and conquer the Evil Skull Puppet because he had taken over the
kingdom of his stepbrother, the protagonist Pakigure 4 showsan example of a screen

from the male narrative of the game.

Figure 4. Example ofnarrative screen from masculitteemed version of the game

I n the female version of the game, the pl
castl e but the player must do so to save Pat
Evil Skull Puppet. Unlike the male version of the game, there is no reason to fight the Euvil
Skull Puppet and the story focuses on the relationship between stkessinot on the
animosity Patch has toward the Evil Skull Pup(seeFigure5 for a sample screen from the
female narrative). All images for both versions of the game and when they appear in the
game are includein AppendixA.
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