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Abstract 

 

Research has consistently shown that a gender gap exists between male and female students in 

their understanding of physics concepts and their interests in physics as a topic.  At the same 

time, extensive research literature indicates that male and female students approach physics 

differently in their perceptions, attitudes and how they interact in cooperative group settings.  

This becomes especially important within classrooms that use Modeling Instruction, as it relies 

on student interaction in small cooperative groups to develop physics concepts.  This study 

explores the effect that arrangement within cooperative learning groups has on students' 

conceptual understanding of physics where Modeling Instruction is employed.  Data analysis 

indicates that the gender gap is reduced when single gender groups are used, without detriment to 

male students, and that students, on average, prefer single gender cooperative groups.  

Hypotheses for why single gender groups are advantages are discussed.   
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Description 
 
 It is common for physics teachers who use the modeling method of instruction to employ 

both full class discussion and smaller working groups of two to four students to perform labs, 

discuss concepts, or work problems together.  The teachers participating in this study split their 

physics classes so that half of their classes used mixed gender groups while the other half used 

single gender working groups. The intent was to ascertain the impact of single gender groups on 

students’ learning of mechanics.  There was also interest in seeing if using single gender groups 

would decrease the gender gap in participation by increasing the number of female students who 

participate in labs and classroom discussions. Finally, there was a desire to learn how single 

gender groups affect students’ perception of physics and their attitudes towards it.  

 

 

Rationale 

 

 There is a documented gap between the performance of male and female students in high 

school physics classes (Zohar, 2003).   Female students tend to score lower on tests (Zohar, 

2003) and participate less in laboratory activities and classroom discussions, and they are less 

confidant than their male counterparts (Guzzetti and Williams, 1996). 

 Teaching methods that involve active engagement such as the modeling method have 

been shown to be more effective at teaching physics than traditional lecture-based methods 



Effect of Single Gender Groups  4   

(Hake, 1998).  The modeling cycle revolves around the active engagement of students and the 

collaboration of students within cooperative groups to develop and test physics concepts 

(Jackson et al. 2008). If active participation is the key to learning physics in general and to the 

process of modeling in particular and the gender gap is to be closed, then an environment must 

be set up within a modeling classroom that enables and encourages female students to be actively 

engaged.  

  It has been shown that male and female students interact with group members differently 

and that in mixed gender groups males tend to dominate (Guzzetti and Williams, 1996) and this 

tends to favor male students (Stadler et al. 2000).  Therefore it is proposed that using single 

gender groups will enable female students to more actively participate.   This study will explore 

the effect that arranging cooperative learning groups by gender has on the performance of 

students and their level of active engagement.  The results will be examined in part with the 

Force Concept Inventory (FCI), a measure of conceptual understanding that is commonly used in 

physics education (Hestenes, 1992) and in part drawing from students’ journal entries and 

responses to a survey.  
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Literature Review 

 

 When looking into fields of science and math one will notice there are more males in 

science, engineering and mathematics fields than females in the same types of roles and 

positions.   This is not a new phenomenon, but one that has been documented for decades. 

(Turner and Bowen, 1999).  This gender gap is most prevalent in mathematics, physics and 

chemistry (Beaton et al, 1996).   It has been shown that males outperform females to a 

significant degree in physical sciences, including physics and chemistry (Kelly, 1978).  

Similarly, the gain on the Force Concept Inventory post-test versus the pre-test tends to be lower 

for female students than males (Hake, 2002).  Furthermore, female students tend to show lower 

performance than male students on physics tests in general (Zohar, 2003).   It has been reported 

that females made up only 14% of tenure-track faculty in the areas of chemistry and physics at 

the top 50 universities in the United States in 2006-2007 (C&EN, 2006).  It has also been 

documented that the number of females entering a science or math related field is below the 

number of males entering the same fields (Ivie and Ray, 2005). 

 The disparity between the number of males and females that enter these careers exists 

despite that fact that all students throughout the country and the world, regardless of gender, are 

required to complete a defined amount of science and math content to be promoted throughout 

their education. The school systems themselves, with direction and policy from the individual 

state boards of education, are allowed to define what they believe is the appropriate amount and 

type of science and math content for students to accomplish in a given amount of time.   

 If all students are required to complete similar requirements, why is the gender gap in 

science and math fields still prevalent today?  To answer that question one must first understand 

how physics is best learned. It has been demonstrated repeatedly that the standard lecture is 

ineffective as a method of teaching physics (Knight, 2004; Jackson et al. 2008; Hestenes et 

al.1992; Halloun and Hestenes, 1985) and that active participation in physics is important and 

necessary for students to replace their preconceptions with the correct conceptual models (Hake 

1998; Wells et al., 1995).  To be actively engaged, students must be required to do meaningful 

activities that require a level of thinking by the students about the material being presented 

(Knight, 2004 and Hake, 1998).  In the most effective learning cycle students must make 
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predictions, they must be explicit about their reasoning, and they must recognize and accept that 

there really is a conflict between their preconceptions and reality (Knight, 2004). This is 

consistent with research in cognitive science, which suggests that students must actively think 

about the material, since “whatever you think about, that’s what you remember. Memory is the 

residue of thought” (Willingham, 2009, p 47).  Furthermore, when interviewed, students 

themselves have included class discussions and laboratory experiments as activities that have 

helped them the most (Tobin, 1987); and it has been noted that active learning and context-rich 

activities have a positive effect on student conceptual understanding and problem solving skills 

within the physics classroom (Freedman, 1996).    

 If one looks at the different events that occur in a typical physics class or even in a more 

effective class as described above, one will see a multitude of potential reasons for the gender 

gap seen in performance, participation, and attitudes of students.  In large group discussions 

female students are less likely to actively participate in discussions and are less likely to refute a 

claim with which they disagree than male students (Guzzetti and Williams, 1996).  Female 

students perceive listening as actively participating and female students have expressed feeling 

“the pressure to be ‘nice’ and quiet, to get along with everyone, to avoid conflict or even get 

noticed” (Robertson, 2006).  This position that females have within the social setting tends to 

hide their academic intellect (Brown, 2002). 

 One might expect that while there is a disparity in participation in whole-class activities 

that the disparity would disappear in small groups   However, it has been shown that females 

contributed to small mixed gender groups just as they would within the larger mixed gender 

classroom (Guzzetti, 1998) and that there is a notable difference in the approach each gender 

takes to learning physics and interacting with others.   Male students are more likely to make 

predictions quickly, avoid questions to which they do not know the answer, provide answers and 

look for concrete solutions.  Female students, on the other hand, tend to raise questions about the 

content, do not present solutions right away, invite other members of the group to participate, 

and look to build consensus (Stadler et. al., 2000).  Females tend to move toward maintaining an 

underlying sense of consensus within a learning group whereas males tend to engage in 

discussions which are more confrontational (Alexopoulou and Driver, 1997).  It has also been 

shown that male and female students present their objections to a learning group in very different 

manners.  Males tend to disagree more than females in a learning group.  Males require the group 
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members to give evidence to any statement that is made that contradicts their reasoning for a 

particular phenomenon,  whereas female students tend to use an indirect approach by raising 

questions and stating possibilities to raise their objections (Guzzetti, 1996).  Furthermore it has 

been shown that male students tend to ignore the female students’ ideas and interrupt females as 

they try to explain their ideas (Guzzetti and Williams, 1996; Guzzetti, 1998) and both male and 

female students tend to direct most of their explanations to male students (Webb, 1989).     

 Similarly, female students have been observed to assume a different role than male 

students when performing physics labs that requires experimental design, data collection, and 

problem solving.  In mixed gender lab groups female students tend to allow the male students to 

perform the lab by setting up the equipment and take data measurements (Robertson, 2006) and 

males are more likely to be involved in operating the equipment while the girls just record the 

data as the secretary of the group (Guzzetti and Williams, 1996).  This has been corroborated by 

surveys in which several physics teachers admit that they have noticed the female students tend 

to let the boys take over during labs and just sit passively (Robertson, 2006).  Taking notes and 

recording data rather than being actively involved in the process of data collection and 

experimental design is a passive role that has been shown not to increase the conceptual 

understanding of physics concepts (Prince, 2004). Furthermore it has been seen that this situation 

can become so frustrating for the girls that they have left their group altogether to confide in a 

friend (Guzzetti and Williams, 1996). Not only do female students tend to be less likely to 

participate in both labs and small group discussions but, “the boys' dominance also reinforces the 

disparity between boys and girls in further establishing the game 'girls ask - boys answer'” 

(Stadler et al., 2000). 

 The modeling method is an active learning method in which students are expected to 

analyze phenomena to see how they conflict or agree with the students’ expectations, and then 

create new models and representations that can be used to make predictions about similar 

situations.  In the modeling classroom “scientific understanding emerges from making and using 

models, in short modeling. To learn science, therefore, students must engage in all aspects of 

modeling . . .  model construction, analysis, and validation” (Hestenes, 1996).  Therefore since 

active participation is the key to learning physics and to the process of modeling, an environment 

must be developed within the modeling classroom that enables and encourages female students 

to be actively engaged.  
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 It has been suggested that single gender groups within a science classroom allow for 

some of the previously noted concerns to be diminished, allowing female students to be more 

engaged (Guzzetti and Williams, 1996; Robinson, 2006).  Since males tend to dominate a 

discussion within a small mixed gender group, removing the domineering aspect from the group 

may lead to more interaction and discussion among female students.  Placing single gender 

groups together may allow the female students to participate in discussion without becoming 

overshadowed and subdued by the male students’ interruptions and quicker responses to 

objections.  If this is true the performance of female students should improve, thereby decreasing 

the gender gap.  

 

Method 

  

 A mixed method study was performed, which employed a convenience sample of those 

students who signed up for physics with each of the participating teachers.  Quantitative data was 

collected using the Force Concept Inventory and a survey, which were analyzed using 

descriptive and inferential statistical methods.  Qualitative data was collected from student 

journals.  Common themes were identified and coded in these journals so that relative frequency 

of each category of response could be compared.  

 

Research Context 

 

Teacher A:  Teacher A teaches at Bedford North Lawrence High school located in Bedford, 

Indiana.  Bedford is a small rural town in southern Indiana.  The high school had an enrollment 

of about 1600 students in grades 9-12.  The population of the school was approximately 97% 

Caucasian, and 3% Hispanic, Asian and Black.  The total percentage of students eligible for free 

or reduced lunch was 27%.  This teacher worked with 65 physics students, all in grades 10, 11 or 

12.   

 

Teacher B:  Teacher B teaches at Marana High School in Marana, Arizona.   Marana is a small 

rural/suburban community north of Tucson, AZ.  The high school had an enrollment of 

approximately 1500 students from Marana and Three Points, AZ, about 1 hour south of Marana.  
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The population of the school was approximately 45% Caucasian, 45% Hispanic, and 10% Asian, 

Black, and Native American.  About 35% of students participated in the free or reduced lunch 

program. This teacher worked with 48 physics students with approximately 50% being juniors 

and 50% being seniors. 

 

Teacher C:  Teacher C taught at Parkrose High School in Portland, Oregon.  Parkrose is in a 

suburban community in the northwest.  The high school had an enrollment of approximately 

1100 students with 51% Caucasian, 18% Asian or Pacific Islander, 16% Black, and 2% Native 

American or Native Alaskan.  About 47% of students participated in the free lunch program. 

This teacher worked with 29 physics students in grades 11 and 12.   

 

 The final sample for this study consisted of 142 physics students ranging in age from 14 

to 18, with 88 male students and 54 female students.  The students all attended public secondary 

schools in Indiana, Arizona or Oregon.  The locations of the study varied; however each sample 

group was within a physics classroom during a standard school day, and they were all taught 

using modeling instruction. The modeling method of instruction was chosen because it involves 

interactive engagement and increases the students’ gain and retention of conceptual knowledge 

of force and motion when it is used within the standard high school physics curriculum 

compared to traditional approaches (Hestenes, 1992).  Approximately half of the classes were 

organized so the cooperative learning groups contained a single gender while the remainder of 

the classes were organized into mixed gender cooperative learning groups.   

 

Procedure for Treatment 

 

 All students were given the FCI on or near the first day of school, before instruction had 

begun.  At the completion of the mechanics units, which occurred near the end of the third 

quarter, all students were then given an identical FCI and the post-tests were analyzed.  

Additional information was collected in the co-investigators’ classroom, which included journal 

entries made by students and the students’ responses to a survey that was given at the end of the 

first semester.   
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 The FCI was used to assess students’ initial preconceptions of force and mechanics 

concepts.  The pre-tests were used as a baseline for students’ knowledge and understanding of 

force and motion in physics.   Growth of content knowledge and understanding was determined 

by analysis of FCI post-test scores.   The FCI is a good tool for analyzing mechanics concepts 

because it requires a forced choice between Newtonian ideas and alternatives that match 

common sense and agree with the preconceptions most students have about physics (Hestenes et 

al., 1992).  The final scores and gains of the students from each of the group arrangements were 

compared.  

 The students were asked to write journals once or twice a month throughout the study.  

The journals were primarily open ended so that the responses would be more spontaneous than 

they would be on a survey and would indicate what students actually thought about with regard 

to their physics class.  Usually the prompt simply asked the students to describe the classroom 

environment. In addition, some of the prompts also asked the students to comment on whether 

they could learn in the environment, or whether their group was effective.  The journals were 

read to identify statements that belong to each of ten categories.  The categories included positive 

and negative statements about the classroom environment, labs, group work, class discussions, 

and students’ perception of their own understanding.  The frequency of each response was 

calculated and analyzed to determine if the frequency of any statement varied among the 

different sample groups.  

 At the end of the first semester students were given a survey about their participation in 

labs, small group discussions and large group discussions (Appendix F). The survey consisted of 

both open ended free response questions and questions using a contrasting alternatives design 

(CAD).   In CAD questions, an example of which is below, the respondent uses a five point scale 

to indicate the degree to which they believe one statement versus a contrasting statement.  The 

respondent can choose either the first statement exclusively (1), the second statement exclusively 

(5), or a weighted combination of the two statements (2, 3, or 4) 

 

During small group discussions I contribute ideas 

Rarely 1 2 3 4 5 often 
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  The benefit of CAD questions is that the student’s response will be interpreted in the 

same context in which it was made.  For instance, if the survey asks students how often they 

participate in a class discussion, some may take passive participation such as listening into 

consideration when responding while others will only take active participation like contributing 

ideas into consideration.  With a CAD question the respondent would instead be forced to choose 

between “during small group discussions I never contribute ideas” and “during small group 

discussions I often contribute ideas”, making the respondents’ meaning more clear.  

   The CAD items were designed based on research that suggested that when female 

students are in mixed gender groups they are less likely to contribute ideas, are often ignored or 

interrupted by male students when they do contribute ideas, refrain from contributing because 

they are not confident, and tend to let males students use the equipment in labs (Guzzetti and 

Williams, 1996).  Therefore the questions asked students to rank their overall likelihood to 

contribute ideas and then followed up by asking about situations in which they would contribute 

ideas.  Students were also asked if work was shared equally within the group, and whether their 

ideas were considered by other members of the group.  Many of the questions were presented 

again in the context of whole class interaction in order to determine if student behavior in small 

groups was significantly different than in a large group or entire class setting.  Finally, since it 

appeared that the single gender female groups stayed on task more often than the other sample 

groups, students were asked to rank the level of participation they believed occurred during 

group work.   

 An average value for each question was found for each sample group in the study.  The 

average values and standard deviations were calculated for each sample group and compared to 

determine if there was any difference in the average response between members of the four 

sample groups.  The results of the survey and the journals were compared to the FCI scores 

which were used to show gain of force and motion understanding.  These responses were not 

used to determine if a direct correlation existed, but rather to determine if a possible correlation 

existed and to determine how the different groupings might have led to any observed differences 

in gains or post-test scores on the FCI.  
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Data Analysis 

 

 The Force Concept Inventory (FCI) given to all students in the study served as a pre-test 

and a post-test for the purpose of determining if there was a correlation between understanding 

of force and motion and the grouping method that the student experienced while in a class that 

implemented the modeling approach for teaching physics.  It is important to note that modeling 

instruction in physics employs interactive engagement (IE) whereas traditional (T) classrooms 

rely on lecture more and are teacher centered. (Hake, 1998)  The modeling method of instruction 

is student centered and takes advantage of development of models to represent physics concepts 

with a higher portion of student engagement and interaction with the content.   

 In analyzing the data, it was noted that one set of data, seen in Teacher B period 2, one 

pre-test score appears to be an outlier.  The pre-test score of this student was very high in 

comparison to the other pre-test scores in the same class.  The reason for this high score was 

likely due to the fact that this student had taken physics the previous year.  The previous course 

used modeling physics as its method of instruction.  The student also had the same teacher for 

both of the physics courses taken. A Q test is a statistical test used to determine if a data point or 

value is an outlier, or extremely far from the expected or often observed value.  If the value is an 

outlier it will skew the data and therefore reveal possible erroneous conclusions or graphs.  A Q 

test was performed on the data point for student #9 with a pre-test score of 24.  It was calculated 

at the 96% confidence level that this value from student #9 was an outlier and it was therefore 

excluded from the data set (Table 5).    

 

Q test 
 
For Student #9 from Teacher B period 2 – Female Single Gender 
 
Gap 8 Qcalc = 0.40 
Range 20 Qtable = 0.34 
n 22  

 
Table 5:  Q test Data:  Qcalc is greater than the Qtable value so the data point from period 2 was 
rejected from the study. 
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 The FCI pre-test data was subjected to a t-test to determine if the samples used in this 

study were from the same population.  The pre-test values were obtained from different classes 

and not all the classes were located within the same school or state.  However, multiple classes 

were used from each instructor.  A t-test was performed on populations from different classes 

within the same school, and on populations from different schools and states.  The t-test was 

used to determine if the average of the groups used in this study were statistically different from 

each other.  In order to use a t-test the following parameters were determined:  1) the samples 

must be randomly selected, 2) the samples must be dependent (paired), and 3) both populations 

must be normally distributed.  All this information being true, a t-test was performed on the 

sample populations used in this study.  The level of significance that was used in this study is α = 

0.05 for a two tailed test because the data would suggest the alternative hypothesis may lie in 

either end or tail of the sample distribution; and a confidence level of c=0.95 was used.  It is 

possible that the outcome of the FCI pre-test scores will differ in a couple of ways from the class 

average, the score being greater than the mean or the score being lower than the observed mean.  

Using standard statistical tables for a two tailed t-test with stated level of significance and 

confidence level, the rejection regions were determined as ±1.960.  Further explanation of this is 

diagramed in Figure 1 in Appendix A. 

 Using c = 0.95 and α = 0.05 for two tails, the critical values are set at –to = -1.960 and to = 

1.960 so the rejection regions are t < -1.960 and t > 1.960.  The t-test performed on the sample 

populations showed a t-test value of 0.424 for Teacher A’s classes, 0.239 for Teacher B’s classes 

and 0.472 for Teacher C’s classes (Table 1).   
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Pre-test scores 

Class 
 

Number 
of 

students 
(n) 

Mean Standard 
deviation 

(s) 

t-test Standard 
deviation 

(s) 

Teacher A 
period 2 

11 8.91 3.02 

Teacher A 
period 7 
 

22 7.73 3.21 

Teacher A 
period 8 

25 9.12 2.99 

0.424 3.46 

Teacher B 
period 2 

22 8.86 3.30 

Teacher B 
period 6 

26 8.15 3.57 

0.239 3.43 

Teacher C 
period 1 

22 7.73 3.21 

Teacher C 
period 7 

17 7.82 4.93 

0.472 3.99 

Table 1:  Classes by Teacher:  Pre-test scores 
 

 

  Table 1 shows that the t-test values calculated for each teacher’s classes did not fall into 

the rejection regions, therefore the null hypothesis, that the sample populations were different, 

could not be rejected at the 95% confidence level.  Due to the fact that the samples could not be 

considered statistically similar, additional statistical calculations and methods were used. 

 Histograms of the groups were created using the pre-tests from the different classes.  

These graphs show the frequency distribution of scores from the FCI pretest.   The histograms 

can be seen in Graphs 2-8, for each set of courses based on class and teacher.   
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Graphs 2-8:  Frequency Distributions for FCI pretest scores, all classes 

 

 

The histograms were used to show the frequency of pre-test scores on the FCI and were used to 

help visually determine if the sample populations were statistically similar.  As shown, the 

frequency of scores were scattered and showed standard deviations from 2.99 to 4.93.  The high 

standard deviation indicated that the pre-test scores were very random and were not grouped 

around the mean (Table 1). 

 In addition, scatter plots were generated to look at the frequency of pre-test scores within 

the groupings used for this experiment.  This includes Female-Mixed Gender, Male-Mixed 

Gender, Female-Single Gender, and Male-Single Gender with mean pre test scores of 5.84, 8.50, 

7.61 and 9.14, respectively (Table 2).   The scatter plot shows a large variation in pre-test scores 

among all groups used in this study with standard deviations that indicate the pre-test scores are 

not precise but rather very random among the groupings (Table 2).   
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Pretest scores by grouping 
 

Group 
 

Number of 
students (n) 

Mean Standard 
deviation (s) 

Standard 
deviation (s) 

Female-
Mixed 
Gender 

29 5.84 2.65 

Male – 
Mixed 
Gender 

30 8.50 3.07 

Female – 
Single 
Gender 

20 7.61 3.03 

Male – 
Single 
Gender 

53 9.14 3.41 

 
 
 
 
 

3.59 

Table 2:  Pre-test scores by Sample Grouping 
 

 

 The FCI was given to all students at the beginning of the school year.  The pre-test score 

is shown for each student in Appendix D.  The same FCI was given as a post-test to all students 

in the study, and their individual post-test scores can be seen in Appendix E.  FCI gains are often 

looked at in terms of normalized gains (g) (sometimes called a Hake gain). Normalized gain (g) 

is the proportion of the amount that a class raised their average test score from pre-testing to 

post-testing to the possible amount a class could have raised their average score. The normalized 

gain was calculated using the formula below 
!

scorepretestscorepossibel
pretestaveragepostestaverage

g
!

!
=

 
   

 The g can then be classified as follows (Hake, 1999): 

 High -g:   courses with g>0.7 

 Medium –g:  courses with 0.7> g > 0.3 

 Low –g:  courses with g<0.3  

The normalized gains for the different subject groups were analyzed for the mean normalized 

gain and reported (Table 4).   
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Normalized Gains 
Group Number of 

students (n) 
Mean normalized 
gain 

Standard deviation 
(s) 

Female-Mixed 
Gender 

29 0.382 0.274 

Male – Mixed 
Gender  

30 0.556 0.268 

Female – Single 
Gender 

20 0.455 0.316 

Male – Single 
Gender 

53 0.554 0.260 

Table 4:  Normalized Gains by Sample Grouping 
 
 

 

The standard deviation of the data showed a large standard deviation compared to the mean 

which again indicates the data is random and spread far from the calculated mean in each subject 

group subset.  Looking at the mean normalized gain it is seen that the male subject groups had 

almost an equivalent normalized gain regardless of whether the male students were in a mixed 

gender group or in a single gender group.  The mean normalized gain for the Male – Mixed 

Gender group was recorded as 0.556 while the mean normalized gain for the Male – Single 

Gender group was calculated to be 0.554.  However, the standard deviations for these values 

were 0.268 and 0.260, respectively.   A larger normalized gain was seen in the female subject 

groups.  The Female – Mixed Gender group showed a mean normalized gain of 0.382 while the 

Female – Single Gender group had a mean normalized gain of 0.455.  These values have 

standard deviations of 0.274 and 0.316, respectively (Table 4).  Calculating the normalized gain 

(g) does show a slight increase in the female test groups and no significant change in the male 

subject groups.  This data, however, may be skewed due to the fact that we determined earlier in 

this study that the test groups are significantly different by examining the t-test for all students 

(Graph 1).  Furthermore, since the standard deviation is large relative to the mean gains, one 

cannot have confidence in these results.  
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Graphs of the results of the normalized gain for each sample grouping showed the wide 

distribution among the students (Graph 9-12).   

 

Hake Gain vs Pretest Female Mixed Gender

-0.2

0

0.2

0.4

0.6

0.8

1

0 2 4 6 8 10 12 14

FCI Pretest

G
ai

n

Mean Gain = 0.382

Graph 9

 

Hake Gain vs Pretest Male Mixed Gender

-0.2

0

0.2

0.4

0.6

0.8

1

0 5 10 15 20

FCI Pretest

G
ai

n

Mean Gain= 0.556

Graph 10

 
Hake Gain vs Pretest Female Single Gender

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 2 4 6 8 10 12 14

FCI Pretest

G
ai

n

Mean Gain = 0.455

Graph 11
 

Hake Gain vs Pretest Male Single Gender

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 5 10 15 20

FCI Pretest

G
ai

n

Mean Gain = 0.554

Graph 12

 
Graphs 9-12:  normalized gains for each sample grouping. 
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 The FCI gain, change from pre-test to post-test, was then analyzed with an expectation 

that this would produce a similar pattern as seen in the normalized gain.  The Female – Mixed 

Gender group and the Female –Single Gender group showed a mean gain of 9.55 questions right 

and 11.06 questions right, respectively (Table 8).   

 

 
Group 

 
Number of 

students 
(n) 

Mean 
gain 

Standard 
deviation 

(s) 

Standard 
deviation 

(s) 
Female-
Mixed 
Gender 

29 9.55 7.35 

Male – 
Mixed 
Gender 

30 12.76 5.98 

Female – 
Single 
Gender 

20 11.06 4.35 

Male – 
Single 
Gender 

53 11.62 5.57 

 
 
 
 
 

6.84 

Table 8:  FCI Gain by Sample Grouping 
 
 

 

The Male-Mixed Gender group and the Male-Single Gender group showed a gain of 12.76 

questions right and 11.62 questions right, respectively (Table 8).  The difference between the 

means of the female subject groups was 1.51 questions on the FCI, while the male subject groups 

showed a difference of 1.14 question.  Looking at the magnitude of the change compared to the 

possible point gain possible for the FCI along with the calculated standard deviation for each 

subject group, it was noted that there is no significant statistical gain in the female subject 

groups’ scores compared to the male subject group scores.  The FCI gain for each subject group 

shows a normal distribution, which indicates that the data, although not showing significant 

results for this study, follows a normal distribution, validating the measurement tool (Graphs 13-

16).  
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Graphs 13-16:  FCI Gain by sample grouping 

 

 

 

This non-statistical gain in FCI scores further supported the claim that the subject groups were 

not from similar populations and therefore the analysis of the data took into account that the 

populations were not similar.   

 Additional statistical analysis was done because the sample populations used were not 

from a similar population.   Analysis of Covariance (ANCOVA) was used because a pre-test and 

post-test was part of this experimental design.  The ANCOVA is used when a “noise reduction” 

is needed in a type of social experiment data set.  Basically one variable is adjusted based on its 

covariance with another variable.  The ANCOVA is used when the sources of error or bias are 

difficult to eliminate by experimental design.   The ANCOVA integrates a linear regression and 

the ANOVA.  The independent variable in this experiment was the grouping of students into 

single or mixed gender groups in physics course.  The dependent variable was the gain on the 
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Force Concept Inventory (FCI) that is designed to measure the conceptual understanding of force 

and motion in physics.   

 The ANCOVA allowed the dependent variable to be adjusted so that one could remove 

any influence of the uncontrolled source of variance.  In this experiment, there were groups of 

physics students that were not exactly the same, as noted from the results of the t-tests.   The 

group means were adjusted so they were all equivalent for the variable which was the covariate 

in the experiment.  The covariate can be any continuous variable seen.  The variable noted in this 

experiment that was continuous and uncontrolled was the pre-test score of the students in the 

sample.   The pre-test scores were used as the covariate in this study, and removing these scores 

eliminated the extraneous variability in our sample.  Therefore, it could be assumed that all the 

physics students in the experiment were identical or very close to it. The post-test scores then 

reflected information based on the intervention (teaching, modeling) that was controlled by the 

researchers.  The post-test data was then used as an indication of the final level of conceptual 

understanding of the force and motion concepts that the FCI is measuring without taking into 

account uncontrolled or unexpected experience of the sample.  All students had the same 

intervention in this area and thus allowed for the variable of group placement, single or mixed 

gender, to be more closely investigated.  The ANCOVA results are summarized in Table 6.  

 

Post-test scores by grouping 
 

Group 
 

Number of 
students (n) 

Mean Standard 
deviation (s) 

Standard 
deviation (s) 

Female-
Mixed 
Gender 

29 14.655 7.001 

Male – 
Mixed 
Gender  

30 21.034 5.060 

Female – 
Single 
Gender 

20 19.058 6.179 

Male – 
Single 
Gender 

53 20.654 5.328 

 
 
 
 
 

6.270 

Table 6:  Post-test scores by Sample Grouping 
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 The data indicated similar results as in the normalized gains; however, removal of the covariant 

allowed for a magnified view of the final placement of students in their understanding of force 

and motion as seen by their post-test scores only.  The mean post-test scores on the FCI for both 

male groups were statistically similar while the mean post-test scores on the FCI for the two 

female groups were not.  The mean FCI posttest score of the females in single gender groups was 

4.4 points higher (i.e., 4.4 more questions right) than that of the females in mixed gender groups, 

which equated to a 14.7 % increase in value.  The males in the sample showed a 0.38 mean point 

difference (~1.3%). The frequency distribution graphs of the different samples, using only the 

post-test results, showed a difference in the final performance of the two different female 

samples, single gender groups and mixed gender groups (Graphs 17-20). 
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Graphs 17-20:  Frequency Distribution Post-Test scores for each sample grouping 
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 The purpose of the journals was to qualitatively assess students’ opinions of physics in 

general, their confidence level with the material, and their opinions of various class activities that 

rely on active participation by group members.  Of particular interest was to learn whether 

students saw value in active participation.  Journal entries from six different dates were studied. 

The entries commonly contained statements relating to at least one of the following: the overall 

classroom environment, laboratory work, small group effectiveness, laboratory activities, and the 

confidence of the student. The statements about each of these aspects were further divided into 

positive and negative statements, producing the ten categories of statements, shown in Table 9 

(A more complete list of example statements can be found in Appendix G).   The number of 

entries containing each category of statement was totaled for each student (Appendix H and I). 

The average frequency of entries containing a statement from each category was calculated for 

each sample group, shown in table 10. 

 

code category examples of student statements 
PV Positive statement about classroom 

environment, or about physics in general 
this class is great / the environment is great / it’s 
(physics) is overall a good and interesting class 

NV negative statement about classroom 
environment, about physics in general, or 
about the other students 

I don’t like some of the people in our class I suck at 
this subject / the environment is too tense/ 

PG positive statement about the group or a 
group member 

I love my group / I want to stay in my group / our 
group works well together / 

NG negative statement about the group or a 
group member 

My group is a bunch of imbeciles / I do all the 
work / can we please get new seats 

PD Positive statement about some aspect of 
discussions, white boarding or  participating 

We normally have really good in class discussions / 
I like having class discussions 

ND negative statement about discussions, white 
boarding, participation 

I don’t really like talking in front of the class / I 
don’t like it when you have us help each other 
instead of you teaching 

PL Positive statement about labs I like how we use labs to start off a lesson / I liked 
the lab we did this week / Labs are very beneficial 

NL negative statement about labs I don’t like having labs all the time/ I didn’t like (x) 
lab 

PU positive statement about understanding of 
physics 

I have a good grasp on (x) / I have a handle on just 
about everything in here, and I wasn’t too worried 
about the test 

NU negative statement about understanding of 
physics 

physics  is confusing / I am starting to fall behind a 
bit, I find myself getting lost in the long math parts 
/ I’m too lost 

Table 9: Main categories of students’ Journal statements 
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Statement frequency  
PV NV PG NG PD ND PL NL PU NU 

Female Mixed 0.28 0.06 0.22 0.06 0.06 0.04 0.02 0.00 0.17 0.26 
Male Mixed 0.33 0.00 0.20 0.03 0.00 0.00 0.00 0.00 0.17 0.10 
Female Single 0.56 0.00 0.44 0.06 0.09 0.07 0.04 0.00 0.20 0.15 
Male Single 0.39 0.02 0.19 0.05 0.08 0.01 0.13 0.01 0.18 0.08 
Table 10: Statement frequency by grouping 
 

  Female students from single gender groups were more likely to express favorable 

opinions of the classroom environment and their small group, and were less likely to express 

doubt about understanding of physics than female students in mixed gender groups (Graph 20).    

 

 
        Graph 20: selected statement frequency by sample group 

 

Specifically, girls in single gender groups were twice as likely (58% of entries vs. 28%) to 

express positive views about class than girls in mixed gender groups.  Female students in single 

gender groups were also twice as likely (44% vs. 22%) to make positive statements about their 

small group.  Female students from both groups were similarly likely to make statements 

expressing confidence in their understanding (20% for mixed, 17% single gender), but female 
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students from mixed gender groups were more likely (26% to 15%) to express frustration with 

material or doubt about understanding the material (Table 10). 

 There were differences between male students in mixed gender and single gender groups 

but they tended to be smaller than those seen between females in the two groups (Graph 20).  

Males in single gender groups were more likely to express favorable opinions about the 

classroom environment (39% of entries vs. 33%) but the difference was smaller than the 

difference seen among the female groups.  Males were about equally likely to express a positive 

view about their group regardless of arrangement (19% for single gender vs. 20% for mixed).  

All males were about equally likely to express confidence in their understanding regardless of 

group as well.  The biggest difference was in laboratory activities in which males in single 

gender groups expressed a positive opinion of labs in 13% of their entries but males from mixed 

gender groups did not make any positive statements about labs (Table 10). 

 Overall females in mixed gender groups made positive statements about the classroom 

environment at the lowest rate of any sample group, while females in single gender groups did so 

at the highest rate.  Females in single gender groups were also the most likely to make positive 

comments about their group.  Females of both groups expressed frustration or a lack of 

understanding more than male students.  However, females in single gender groups expressed 

frustration at a frequency that was closer to that of the male students (Graph 20). 
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 Items numbered 8-17 on the survey were CAD items that were designed to assess how 

actively each student participated within their group and how comfortable they felt sharing their 

ideas.  The students ranked each response on a scale of 1-5, and the average score and standard 

deviation were calculated for each sample group’s response to each question.  The average 

responses were fairly consistent for each sample group across all of the questions except items 

12 and 13, which can be seen in graph 21.   

 

 
          Graph 21: average response to CAD survey questions  

 

Item number 12 asked the student to balance alternatives dealing with how work was shared in 

their group.  A high response means they felt that work was shared equally while a low response 

meant they felt that one person did all of the work.  Females from the single gender group 

reported a higher average than females from mixed gender groups, but the two averages were 

within each others’ standard deviation, so the difference was not statistically significant.  

However, the single gender groups average response had a smaller standard deviation than the 

mixed gender group (0.7 vs. 1.2, Table 13) so the members of the single gender groups not only 

thought that their group shared work more evenly, but they thought it more consistently.    

 



Effect of Single Gender Groups  28   

 
survey	  question	  

8	   9	   10	   11	   12	   13	   14	   15	   16	   17	  Sample	  
group	   avg	   SD	   avg	   SD	   avg	   SD	   avg	   SD	   avg	   SD	   avg.	   SD	   avg.	   SD	   avg.	   SD	   avg.	   SD	   avg.	   SD	  

Male	  
Mixed	   3.9	   0.9	   3.1	   1.5	   4.3	   0.8	   3.6	   1.4	   3.6	   0.6	   2.6	   1.0	   4.0	   1.0	   3.1	   1.5	   2.0	   0.8	   2.6	   1.1	  

Female	  
Mixed	   3.8	   0.8	   3.0	   1.1	   3.8	   1.2	   3.8	   1.5	   3.8	   1.2	   3.0	   1.1	   4.2	   0.8	   2.5	   1.6	   2.0	   1.1	   3.3	   1.2	  

Male	  
Single	   3.7	   0.8	   2.8	   1.0	   4.2	   0.8	   3.9	   1.0	   3.9	   0.9	   3.8	   1.0	   4.0	   1.1	   2.9	   1.2	   2.4	   1.0	   3.3	   1.2	  

Female	  
Single	   4.0	   1.0	   3.4	   1.2	   3.8	   0.4	   4.2	   0.4	   4.5	   0.7	   4.2	   0.7	   4.2	   0.8	   2.5	   1.0	   2.2	   0.9	   3.1	   1.1	  

Table 13: Average response to survey CAD questions by group and corresponding standard 
deviations 

 

On item number 13, students were asked to choose to what degree their group stayed on task 

versus becoming distracted easily, causing them to be off task during a lesson or activity.  In this 

case, the average response from the single gender female group was statistically significantly 

higher than the average response from both males and females in the mixed gender groups.   

 The surveys also asked to students to express their preference for either mixed gender 

grouping or single gender grouping.  When compared it can be seen that every group, except 

single gender males, expressed a preference for the arrangement in which they belonged, while 

males in single gender groups were mostly ambivalent.   However, females in the single gender 

group preferred their arrangement more strongly than females in mixed gender groups, and girls 

overall favored single gender groups (although the population of girls in single gender groups 

was larger). 
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Graph 22: Grouping preference by sample group 
 

Conclusion 

 

 From the data it could be seen that the gender gap persists on FCI scores when students 

were arranged into mixed gender groups despite the use of modeling instruction which relies on 

IE techniques.  In addition, the data showed that when single gender groups were used, the 

performance of female students increased.   Female students who participated in the single 

gender groups showed a gain on the FCI that was larger, by an average of 6 questions, than their 

female counterparts who were placed in a mixed gender cooperative group during this study.  

When looking at the FCI posttest scores only, disregarding the chance that the sample 

populations are different, the female single gender groups had scores that were more equivalent 

to their male peers from both single gender and mixed gender cooperative learning groups (Table 

6).  This was consistent with the journal data, which showed that female students from single 

gender groups had a more positive view of the class and their group.   

 While single gender groups seemed to benefit female students, they were neither 

beneficial nor detrimental to male students.  Male students’ post-test scores on the FCI and their 
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gains were essentially equivalent regardless of the grouping method.  This conclusion was 

further corroborated by the survey and journal data, which showed that male students had an 

equally positive view of their understanding of the course material, the class as a whole, and their 

group regardless of grouping.  Therefore, the gender gap was reduced by improving the 

performance of female students rather than impairing the performance of male students.  

 Furthermore, the students generally expressed indifference toward grouping method or a 

preference for single gender groups.  It must be noted, however, that all students in this study had 

only experienced one grouping method prior to responding to the survey.  Without experiencing 

both methods it was hard to consider their opinions truly objective.  Nonetheless it did suggest 

that if a teacher starts the year with single gender groups, then the majority of students will be 

content with that arrangement.  However, since some students did express preference for the 

group arrangement that they had not experienced and one student dropped physics ostensibly 

because she objected to being in a single gender group, it could not be assumed that all students 

will be content with such an arrangement.  

 The reason that female students performed better in single gender groups than mixed 

gender groups thereby reducing the gender gap was not immediately apparent from this study.  

Prior to this study it was hypothesized that female performance would improve in single gender 

groups because they would be more actively engaged in these groups than in mixed gender 

groups.  The only evidence that suggested this to be the case was that female students from 

single gender groups reported that their group shared work equally to a higher degree than 

students from mixed gender groups.  However, since the difference fell within one standard 

deviation of the mixed gender group, this connection was tenuous.  Female students in single 

gender groups reported that their groups stayed on task to a greater degree than mixed gender 

groups, which led to the conclusion that the gender gap can be reduced if female students are in 

an environment where they are free from distraction.  Perhaps providing this kind of 

environment improves their performance because they can better focus on the phenomenon being 

studied or the concept being discussed.   It would be possible to verify this idea by a student 

survey of the classroom working environment, including time-on-task, in which students in 

single gender groups are compared to students in mixed gender groups.   Females from single 

gender groups also appeared to be more confident in their understanding of physics than females 

from mixed gender groups, evident by the fact that those from single gender groups less often 
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admitted to being confused or expressed frustration.  Since the students from the Female-Single 

Gender group did in fact perform better on the FCI post-test it is possible that they were more 

confident because they had learned more.  However it is also possible that the increased 

confidence helped motivate them to stay focused in class and to stay on top of their school work.  

No causal link could be stated based on these results, and further study of female students within 

single gender versus mixed gender groups should be performed.  One possible method of 

obtaining information is through extensive journaling and journal analysis.   

 Regardless, the use of single gender groups in modeling instruction appeared to reduce 

the gender gap on the FCI, improve female students’ view of the class, and made them more 

confident about their understanding of physics.  At the same time there appeared to be no 

deleterious effect on male students whose scores, opinion of the class, and confidence all 

remained about the same regardless of the grouping arrangement in which they participated.   
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Implications for Further Research 
 
 Although research here showed a gain in female scores on the FCI when placed in single 

gender cooperative learning groups within a physics classroom where modeling was the mode of 

instruction, further research may be beneficial to determine the types of intra-group interactions 

that are occurring within the single gender groups that increased the post-test scores on the FCI.  

This may be accomplished by video taping student interactions and conversations within their 

group setting and then analyzing these videos.  Looking at the initial formation of cooperative 

groups may give an indication of the group development and subsequent roles of each group 

member during the course of the mechanics unit.  The interactions and discussions that 

eventually lead to the development of physics concept understanding could also be investigated 

through video analysis.  It would be interesting to see if the interactions within single gender 

groups varied from mixed gender groups.  Data collected from the FCI can further be compared 

to previous year’s gains for the co-investigators for longitudinal data analysis.   
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Appendix A 
 
Terminology and Abbreviations 
 
Force Concept Inventory (FCI) – The FCI is a test given to physics students that  
    measures one’s understanding of the Newtonian force concept. 
  
Standard Deviation (s) – a measure of data variation.  Indicates how a data set varies  
   from the mean or average of the entire data set. 
 
Two Tailed Test – A test of the prediction that two values are equal, or a test that they are  
   not equal. 
 
Population – a sample group that have something in common. 
 
t-distribution – if the distribution of a random variable is normal, it follows a t-distribution. 
 
t-test – statistical test to determine if there is a difference between groups. 
 
Pre-test – test or survey given before an intervention on the sample subjects. 
 
Post-test – usually identical to the pre-test; given after an intervention on the sample  
   subjects. 
 
Confidence Level – the probability of obtaining a given result by chance. 
 
Statistical Significance – the probability of obtaining a given result by chance. 
 
Histogram – a graphic presentation of frequency of a phenomenon. 
 
Frequency – how many measures fall into different classes. 
 
Normalized (aka Hake) gain (g) – defines the normalized gain of student scores on the FCI. 
 
Analysis of Covariance (ANCOVA) – Statistical analysis that reduces “noise” in a data  
   sample when the sample is not statistically from the same    
   population.  Allows for the adjustment of a covariate. 
 
Contrasting Alternatives Design (CAD) – Survey design with contrasting statements. 
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Appendix B 
 
Statistics Figures 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
Reproduced from Larson, R and Farber, B, Elementary Statistics:  Picturing the World, (2006)
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Appendix C 
 
 
Statistic Tables 
 
 
 
 
Q Test Table 
 

n Qcritical 
3 0.970 
4 0.829 
5 0.710 
6 0.625 
7 0.568 
8 0.526 
9 0.493 

10 0.466 
15 0.384 
20 0.342 
25 0.317 
30 0.298 

Table of critical values for Q-test at 95% confidence level was reproduced from Christian, 
"Analytical Chemistry", 6th ed, pp. 98-99.  

 
Appendix D is a separate pdf document. 
 
Appendix E is on the next two pages.
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Individual Post-test scores 
Female 
Single 
Gender   

Male Single 
Gender   

Female 
Mixed 
Gender   

Male Mixed 
Gender  

ID 
Post-
test ID 

Post-
test ID 

Post-
test ID 

Post- 
test 

2002049-Fs 13 2004686-Ms 21 2002206-Fx 18 2006830-Mx 23 
2003393-Fs 23 2003447-Ms 24 2002141-Fx 10 2008681-Mx 26 
2002584-Fs 24 2003568-Ms 24 2001430-Fx 14 2002029-Mx 24 
2001200-Fs 0 2001960-Ms 28 2000716-Fx 0 2003510-Mx 20 
2007614-Fs 16 2003672-Ms 22 2003346-Fx 22 2000775-Mx 19 
2002143-Fs 21 2000765-Ms 25 2006210-Fx 15 401-Mx 17 
2007615-Fs 17 2005736-Ms 25 403-Fx 12 402-Mx 15 
2000717-Fs 19 2000130-Ms 11 404-Fx 5 409-Mx 0 
2002631-Fs 19 2002154-Ms 10 405-Fx 7 410-Mx 18 
503-Fs 6 2004645-Ms 17 406-Fx 12 411-Mx 7 
505-Fs 0 2004504-Ms 29 407-Fx 8 412-Mx 8 
506-Fs 5 2000214-Ms 19 408-Fx 10 418-Mx 21 
1 24 2005460-Ms 15 413-Fx 7 60 22 
2 25 2002427-Ms 16 414-Fx 4 61 25 
3 26 2003545-Ms 14 415-Fx 10 62 25 
4 23 2003577-Ms 11 416-Fx 0 53 28 
6 20 2003552-Ms 18 417-Fx 13 64 23 
7 24 2002576-Ms 30 419-Fx 6 65 23 
8 19 2004600-Ms 25 420-Fx 12 66 27 
9* 28 2002163-Ms 21 421-Fx 7 67 19 
   2002066-Ms 16 422-Fx 0 68 24 
   2004715-Ms 20 423-Fx 12 69 25 
   2000970-Ms 15 424-Fx 12 70 17 
   2002839-Ms 22 51 23 71 17 
   2003036-Ms 15 52 22 72 19 
   2007616-Ms 24 53 22 73 21 
   2002187-Ms 19 54 28 74 27 
    2005454-Ms 26 55 24 75 22 
    2002952-Ms 23 56 22 76 23 
    2002071-Ms 28 57 25   
    2002818-Ms 21 58 23    
    501-Ms 0 59 20     
    502-Ms 13        
    504-Ms 22        
    507-Ms 15        
Appendix E:   Individual Post-test scores 
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Female 
Single 
Gender   

Male Single 
Gender        

ID 
Post-
test ID 

Post-
test     

    508-Ms 19        
    511-Ms 7        
    513-Ms 17        
    516-Ms 25        
    10 21        
    11 23        
    12 24        
    13 21        
    14 28        
    15 28        
    16 21        
    17 17        
    18 24        
    19 21        
    20 24        
    21 20        
    22 21        
    23 29        
            
Appendix E:   Individual Post-test scores (cont) 
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Appendix  F 
 
Surveys and Inventories 
 

Physics I 
End of semester survey 

 
Name(optional)________________________________    Grade:  So.    Jr.     Sr.    
Gender  M / F  
 
Class rank (approximate):__________   Group: Mixed gender / single gender 
 
1. How would you rank your overall understanding of the physics we have covered so far?  
very strong   strong  average  weak  very weak 
 
 
2. Do you participate in small group discussions? 
 
 
3. How do you participate in small group discussions? 
 
 
 
 
 
4. Does your group well together? 
 
 
 
5. In what ways does your group work well? Please give an example of a situation that illustrates 
your answer 
 
 
 
 
6. In what ways does your group work poorly? Please give an example of a situation that 
illustrates your answer 
 
 
 
 
 
7. What is your role during labs?  For instance do you tend to manipulate the equipment, run the 
computer, perform the data analysis, record data, etc?  
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8. During small group discussions I contribute ideas 
Rarely 1 2 3 4 5 often 

 
9. During small group discussions before I contribute an idea  
I must be certain I am 

right 1 2 3 4 5 I do not need to be 
certain I am right 

 
10. During small group discussions if another student makes a statement that I disagree with then  
I am unlikely to voice 

my disagreement 1 2 3 4 5 I am likely to voice my 
opinion 

 
11. In my small group  

My ideas are often 
ignored or dismissed 1 2 3 4 5 my group listens to my 

ideas and discusses them 
 
12. In my small group  
one person dominates 

the discussion 1 2 3 4 5 everyone contributes 
equally 

  
13. My small group  
tends to be inefficient and/or  

gets distracted easily 1 2 3 4 5 tends to stay on task and 
work efficiently 

 
14. In my small group 
one person does all the 

work during labs 1 2 3 4 5 The work is shared 
equally during labs 

 
15. During whole class discussions I contribute ideas 

Rarely 1 2 3 4 5 often 
 
16. During whole class discussions before I contribute an idea  
I must be certain I am 

right 1 2 3 4 5 I do not need to be 
certain I am right 

 
17. During whole class discussions if another student makes a statement that I disagree with then  
I am unlikely to voice 

my disagreement  1 2 3 4 5 I am likely to voice my 
opinion 

 

18. Based on how class has gone so far would you prefer to be in a single gender group or a 

mixed gender group? 

 

19. Who do you think knows the most physics in your class? 
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Appendix G - H 
 
code category examples of student statements 
PV Positive statement 

about classroom 
environment, or 
about physics in 
general 
 

I am signing up for AP physics I liked it so figured I would / I like how the 
class is hands on / this class has taught me a lot of physics and the 

atmosphere is great / this class is great / the environment is great / it’s 
(physics) is overall a good and interesting class/ class is going great / I am 

glad I took one year of it (physics)/ this class is good.  I enjoy the challenge 
no matter how annoying it can be / I really like the unit we just finished / 
Overall physics has been a good experience / the environment is easy to 

learn in 
NV negative statement 

about classroom 
environment, about 
physics in general, 
or about the other 
students 
 

I don’t like some of the people in our class/ they don’t really respect anyone 
/ I suck at this subject / the environment is too tense/ I never feel like I get 

the real meaning of what we are learning / class isn’t too exciting 

PG positive statement 
about the group or 
a group member 
 

I love my group / I want to stay in my group / our group works well 
together / my group is fairly productive and tends to get work done fairly 
quickly/ my partners are very good help/ I want to stay with (x) / In group 
discussion we can all freely ask or answer questions / I like my lab table, 

everyone gets along / 
NG negative statement 

about the group or 
a group member 
 

My group is a bunch of imbeciles / (x) annoys me / I do all the work / can 
we please get new seats / other groups tend to help me more than my actual 

group / I really wish (x) could sit with us / my group members left and I 
have little help / I would prefer a more interactive group / when groups 

explain problems I don’t think everything is always explained well or right 
which causes some confusion 

PD Positive statement 
about some aspect 
of discussions, 
white boarding or  
participating  
 

I think our conversations have been great lately/ we have not had a lab or 
white-boarding in a while, that is disappointing / We normally have really 

good in class discussions / I like having class discussions / I like all the 
discussions we have. It helps to hear people describe things in different 

ways / I like doing whiteboards/ it isn’t hard to participate in class 

ND negative statement 
about discussions, 
white boarding, 
participation 
 

white-boarding is not my favorite thing, because I think it is a little waste of 
time / I don’t really like talking in front of the class / when I’m confused I 
feel embarrassed to ask / I don’t like it when you have us help each other 

instead of you teaching 

PL Positive statement 
about labs 
 

out of all of my science classes I consider this one the most fun because we 
do a lot of labs / labs are the best for me at least for learning new things / I 
think we should be doing more of those (labs) / I like how we use labs to 

start off a lesson / we have not had a lab or white-boarding in a while, that 
is disappointing/ I liked the lab we did this week / Labs are very beneficial 
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code category examples of student statements 
NL negative statement about labs 

 
I don’t like having labs all the time/ I didn’t like (x) lab 

/The labs have seemed too fast paced / I like that we 
had more lectures than labs this week / 

PU positive statement about 
understanding of physics 

I have a good grasp on (x), this class has taught me a lot 
of physics / I understood it more than any other lesson 

that we’ve learned this year / I am starting to really 
understand all the physics I am doing now / I feel like 
we learn more than other physics classes/ The unit on 
(x) was easy / I like the pace we are going at / I have a 
handle on just about everything in here, and I wasn’t 

too worried about the test 
NU negative statement about 

understanding of physics 
physics  is confusing / I am starting to fall behind a bit, 

I find myself getting lost in the long math parts / I 
didn’t know I was doing so poor in class so that has me 
worried, I guess, I am a slow learner / I’m too lost/ this 
unit has been very difficult for me / I am pretty sure I 

screwed up some of my test / I have trouble 
remembering what all I have learned and how to use 

what I learned / All the formulas and other [stuff?] just 
confused me/ I can’t do (x) / I haven’t been able to 

understand (x) / I hate (x technique) 
Appendix G: Main categories of students’ Journal statements 
 
 
 
 
 

  
ID 
number PV NV PG NG PD ND PL NL PU NU 
2000717-
Fs 4 0 4 0 1 0 0 0 0 0 
2002049-
Fs 1 0 0 0 0 0 0 0 0 3 
2002143-
Fs 5 0 3 0 2 0 0 0 4 0 
2002584-
Fs 1 0 1 0 0 0 0 0 0 0 
2002631-
Fs 5 0 5 0 0 1 0 0 4 0 
2003393-
Fs 4 0 2 0 0 1 1 0 0 2 
2003511-
Fs 3 0 4 0 2 2 1 0 1 1 

Fe
m

al
e 

Si
ng

le
  

G
en

de
r 

2007614-
Fs 2 0 3 1 0 0 0 0 1 1 
2007615-
Fs 5 0 2 2 0 0 0 0 1 1 

Fe
m

al
e 

M
ix

ed
 

G
en

de
r 

2001430-
Fx 1 0 2 0 0 0 1 0 1 2 



Effect of Single Gender Groups  47   

2002141-
Fx 1 0 1 0 1 0 0 0 0 4 
2002206-
Fx 1 2 2 2 0 0 0 0 1 4 
2003346-
Fx 0 1 1 0 1 0 0 0 2 1 

 

2003672-
Fx 3 0 1 0 0 1 0 0 1 2 

Appendix H: number of statements made by each female student in each  
                category over 6 journal entries 
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Appendix I 
 

  

ID 
number PV NV PG NG PD ND PL NL PU NU 
2006210-
Fx 4 0 5 1 1 1 0 0 4 1 
2000130-
Ms 2 0 0 0 0 0 0 0 0 0 
2000214-
Ms 1 0 0 0 0 0 0 0 1 0 
2000765-
Ms 2 0 1 0 0 0 0 0 2 1 
2000970-
Ms 0 0 2 0 0 0 0 0 0 1 
2001960-
Ms 2 0 1 0 1 0 0 0 1 0 
2002066-
Ms 2 0 1 1 1 0 2 0 0 0 
2002071-
Ms 4 0 3 0 1 0 0 0 0 1 
2002154-
Ms 1 1 0 0 0 0 0 0 1 3 
2002163-
Ms 4 0 0 0 0 0 1 0 1 0 
2002187-
Ms 5 0 3 0 0 0 0 0 3 0 
2002427-
Ms 4 0 0 2 0 0 0 0 2 0 
2002576-
Ms 1 0 1 0 1 0 2 0 3 0 
2002818-
Ms 6 0 1 0 1 0 1 0 4 0 
2002839-
Ms 3 1 0 0 0 0 4 0 0 1 
2002952-
Ms 5 0 2 0 1 0 3 0 2 0 
2003036-
Ms 1 0 0 0 0 0 0 0 0 0 
2003447-
Ms 3 0 3 0 2 0 0 0 0 0 
2003545-
Ms 4 0 2 1 0 0 0 0 0 3 
2003552-
Ms 2 0 1 1 1 0 2 0 2 0 
2003568-
Ms 0 0 0 1 0 0 1 0 0 0 
2003577-
Ms 0 1 0 0 0 0 0 1 1 2 
2003672-
Ms 3 0 0 0 1 0 0 0 1 1 
2004504-
Ms 3 0 0 1 0 0 1 0 0 1 

M
al

e 
si

ng
le

 g
en

de
r 

2004600-
Ms 2 0 2 0 0 0 2 0 2 0 
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2004645-
Ms 0 0 0 0 1 0 3 0 0 0 
2004686-
Ms 2 0 0 0 0 0 0 0 1 0 
2004715-
Ms 2 0 5 0 0 1 2 1 2 1 
2005454-
Ms 3 0 1 1 1 0 0 0 1 0 
2005460-
Ms 0 0 0 2 0 0 0 0 1 0 

 

2007616-
Ms 3 0 4 0 3 0 1 0 1 0 
2000775-
Mx 3 0 1 0 0 0 0 0 1 1 
2002029-
Mx 2 0 2 0 0 0 0 0 2 1 
2003486-
Mx 0 0 0 0 0 0 0 0 0 0 
2003510-
Mx 3 0 3 1 0 0 0 0 0 1 

M
al

e 
m

ix
ed

 g
en

de
r 

2008681-
Mx 2 0 0 0 0 0 0 0 2 0 

 
Appendix I: number of statements made by each male student in each  
                     category over 6 journal entries 
 


