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Abstract 
This paper presents a model, the double integration model, for integrating Computer Science 
(CS) and mathematics in upper elementary instruction. Fifth-grade students (n=1,037) 
participated either in the double integrated model (Condition 1; integrated in both CS and Math 
instruction) or integrated lessons only in CS instruction (Condition 2). After each lesson, 
students rated their enjoyment, perceived ease, and perceptions of CS-math connections. 
Multilevel analyses revealed that Condition 1 students reported significantly more positive 
perceptions and stronger CS-math connections of the lessons than Condition 2 students. Girls in 
Condition 1 responded more positively than boys on enjoyment and connection items, and 
outperformed Condition 2 girls across all measures. These findings underscore the double 
integration model's effectiveness, particularly in enhancing girls' engagement. 

OBJECTIVES 
There has been a growing recognition of the critical importance of providing equitable access to 
computing education to all K-12 students (Vakil, 2018). Equitable computing education 
supports upward social mobility, economic growth, and more diverse technological designs 
(Ashcraft et al., 2012; De Wit et al., 2023; Pantic & Clarke-Midura, 2019). However, the lack of 
gender diversity in computer science (CS) has been a persistent concern for decades (Sarabi & 
Smith, 2023; Verdugo-Castro et al., 2022), with barriers identified at individual, family/peer, 
school, and societal levels (Alshahrani et al., 2018; Blaney & Stout, 2017; Master et al., 2016; 
Wang & Degol, 2017). 

One emerging and key instructional strategy to support equitable CS education is to 
integrate CS concepts into disciplinary subjects already taught in schools (Israel & Lash, 2020; 
Weintrop et al., 2016). This model of integrating CS into regular classroom instruction can 
provide all students with the opportunity to engage with computing rather than only those 
enrolled in elective, specialized CS classes. This is particularly important because the disparities 
between boys' and girls' participation in CS start early, and upper elementary is a critical time to 
counter stereotypes and barriers that girls face in terms of participating in CS (Master et al., 
2021; Sarabi & Smith, 2023; Verdugo-Castro et al., 2022). 

Integration offers a solution for how to fit CS into the already overfull school schedule 
while also supporting learning of core subjects in mutually enhancing ways (Authors, 2023a). 
Furthermore, this approach allows for the development of curricula and materials that can be 
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tailored to girls' interests, addressing the issue of CS education often aligning more with boys’ 
interests (Peppler & Wohlwend, 2018). Studies suggest that such targeted initiatives can 
increase girls' participation, self-efficacy, and motivation in CS (Scott et al., 2023; Spieler et al., 
2020). 

However, integration is difficult to do well, and instructional models for doing so are lacking 
(Israel & Lash, 2020; Strickland et al., 2021). To address this gap, this paper describes a model in 
which integrated math and CS lessons are taught during students' regular math instruction as 
well as during their CS instruction in the computer lab. These “double” integrated lessons 
taught as part of math instruction use computer science concepts to teach math concepts, 
while the integrated lessons taught as part of CS instruction use math to highlight CS concepts. 
This approach not only provides exposure to CS for all students but also allows for 
modifications in CS instruction and materials that can boost girls' participation (Authors, 2023a; 
Keune & Peppler, 2019; Sun et al., 2022a, 2022b). 

This paper presents findings exploring the impacts of this double integration model from 
the perspective of the students, including differences between boys’ and girls’ perceptions. In 
the study, students either participated in the double integrated lessons as part of both their 
math and their CS instruction (Condition 1) or only in the integrated lessons as part of their CS 
instruction (Condition 2). The research questions addressed are: 

1. What were students’ perceptions of the double integrated math and CS lessons? 
2. How did students’ perceptions in the double integrated math and CS condition compare 

to students’ who only participated in the integrated lessons as part of their CS 
instruction? 

3. Were there gender differences in perceptions of the lessons between the two 
instructional conditions? 

PERSPECTIVES AND FRAMING 
A long line of work has investigated approaches for integrating CS and mathematics instruction 
(Papert, 1980; Weintrop et al., 2016). Recent reviews on integrating computer science (CS) into 
elementary school mathematics instruction (Lv et al., 2023; Nordby et al., 2022; Ye et al., 2023) 
suggest that integration can lower barriers to CS adoption (Fofang et al., 2020) and improve 
mathematical understanding (Miller, 2019). 

Our model for designing integrated CS and mathematics instruction was informed by 
expansive framing (Engle et al., 2012), an instructional method and theory that explains 
transfer from a sociocultural perspective. The theory emphasizes mixing contextual elements to 
enhance transfer and encourages students to take ownership of their learning, tap into prior 
knowledge, and see themselves as independent problem solvers. 

Types of Integration Models 
In considering types of CS integration models, Israel et al. (2019) identified three integration 
levels: no integration, partial integration (e.g., using math to strengthen CS), and full integration 
(teaching CS and math together). Our double integration model is a full integration model; 
however, it is implemented across two contexts: mathematics instruction and CS instruction. In 
this study, we compare two full integration models: a full (double) integration across two 
instructional contexts (CS and math) vs integrated in one instructional context (CS). 
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INSTRUCTIONAL APPROACH: INTEGRATION INTO COMPUTER SCIENCE AND MATHEMATICS 
Two integrated units (exponents and fractions) were collaboratively designed with teachers to 
focus on and highlight connections between CS and mathematics (Authors, 2023b). Following 
the theory of expansive framing (Engle et al., 2012), the units framed CS concepts within math 
lessons and math within CS lessons. Design principles for the units included foregrounding 
alignment with the district's mandated math curriculum (GoMath!) and incorporating 
instruction into familiar instructional routines (Fisler et al., 2021; Strickland et al., 2021). CS 
instruction used Scratch and JavaScript blocks within CodeHS, following a use-modify-create 
approach (Lee et al., 2011). 

Exponents and Fractions Instructional Units 
The exponents unit teaches multiplication as repeated addition and builds on that to teach 
exponents as repeated multiplication, highlighting the CS concept of loops. Math lessons 
explore exponent notation and use Scratch programs to visualize exponential growth (see 
Figure 1). In the CS lessons, students run and modify Scratch programs to model multiplication 
(see example in Figure 2) and exponents, emphasizing connections between math operations 
and programming loops. 

The fractions unit uses JavaScript programs to visualize fractions (see Figure 3). In the CS 
lesson, students program with JavaScript blocks to solve and visualize fraction problems, such 
as programming a dog to drop tennis balls in specific fractions of a park area (see Figure 4). 

METHODS 
The study was conducted in a rural Western United States school district, involving 1,037 fifth-
grade students (549 girls, 488 boys) from all 17 elementary schools. Random sampling was not 
feasible due to classroom-based research limitations. Students were assigned to one of two 
instructional conditions based on the school they were enrolled in. 

Procedures 
In Condition 1 (n = 110), students from four fifth-grade classes in two schools participated in 
integrated lessons in both their math classroom and computer lab. In Condition 2 (n = 927), 
students from the remaining schools participated in integrated lessons only during CS 
instruction in the computer lab (see Table 1). In Condition 1, students participated in three 
integrated math lessons and one integrated CS lesson for each unit (exponents and fractions). 
In Condition 2, students participated in one integrated CS lesson for each of the two units. 

Data Sources 
After completing each integrated lesson, students filled out exit ticket surveys containing three 
items. The items used a 5-point Likert scale and asked students to rate their perceptions of 
enjoying the lesson, its ease, and seeing connections between CS and math classes (Table 2). 
Thus, in Condition 1, students completed eight exit ticket surveys across the two units, while 
students in Condition 2 completed two exit tickets, one for each unit (Table 3). 

Validity evidence for exit tickets 
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Exit tickets generally contain only a few items because they are intended to be minimally 
disruptive during class time. This brevity creates challenges for establishing validity (Bryk et al., 
2015; Penuel et al., 2018). However, exit tickets are considered valid if they generate 
statistically valid predictions of student outcomes and provide consistent measurements across 
timepoints. In previous research which used the same dataset as the one used in the present 
study, we demonstrated consistency through measurement invariance and predictive validity 
for student affective outcomes, supporting the exit tickets’ use as real-time measure of student 
perceptions (Authors, 2023c). 

Data Analysis 
We employed multilevel modeling (MLM) for analysis, with repeated measurements nested at 
level 1 and individual students at level 2. MLM was chosen for its robustness in handling 
missingness (from student absenteeism or incomplete responses) without requiring imputation 
or deletion. However, instances with unidentifiable gender were removed during model fitting. 

We used the lme4 package in R for MLM analysis. Two separate models were 
developed: one examining student perceptions in Condition 1, and another comparing 
differences between the two instructional conditions. 

RESULTS 
RQ1: Students' perceptions of integrated lessons in Condition 1 
Students in Condition 1 showed positive perceptions of the integrated lessons. Means for all 
exit ticket items were higher than the neutral response across all lessons, indicating positive 
perceptions of enjoyment, ease, and connections between math and CS (see Figure 5). 

Multilevel longitudinal analysis confirmed that student responses were significantly 
higher than the neutral "not sure" response for all exit ticket items collected during math and 
CS instruction. (see Figure 6 and Table 4). 

RQ2: Comparison of perceptions between Conditions 1 and 2 
Comparing exit ticket responses between the two conditions revealed that students in 
Condition 1 generally had more positive responses than those in Condition 2 (see Figure 7). 
However, multilevel model analysis showed that not all differences were statistically significant 
at p < .05. 

The responses were significantly higher on the "connection" item for Condition 1 
students (β = 0.49, p < .001) compared to Condition 2. Differences in the "ease" (β = 0.2, p = 
.078) and "enjoyment" (β = 0.21, p = .069) items were higher only at the p < .10 threshold for 
Condition 1 students compared to Condition 2. 

RQ3: Gender differences in perceptions between instructional conditions 
In Condition 1, both boys and girls showed positive perceptions, with means higher than the 
neutral response (see Figure 8). 

Multilevel model results for Condition 1 showed that girls responded significantly more 
positively than boys on enjoyment and connection items on both computer lab and math class 
exit tickets. For the ease item, the difference was not significant for exit tickets collected after 
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the math lessons (β = 0.11, p = .422) and was significant for exit tickets collected after the CS 
lessons (β = 0.29, p = .091) at p < .10 threshold (see Table 5 and Figure 9). 

Comparing across instructional conditions, girls in Condition 1 responded significantly 
more positively than girls in Condition 2 across all exit ticket items. For boys, responses didn't 
differ significantly between conditions for ease and enjoyment items. However, boys in 
Condition 1 were more likely to respond positively than boys in Condition 2 for the perceived 
connection item (see Table 6 and Figure 10). 

These results suggest that the double integration model in Condition 1 had a more 
positive impact on girls' perceptions across all measures, while for boys, the only significant 
difference was in their perceived connections between math and CS. 

SIGNIFICANCE 
Equitable access to computing education requires meaningful CS participation opportunities for 
all K-12 students. While integrating CS into core subjects like mathematics is promising, few 
models exist for elementary-level instruction. This paper presented a double integration model 
for CS and math, showing positive effects on girls’ perceptions of ease, enjoyment and ability to 
connect these subjects as compared to boys and girls in the single integration model. In 
summary, our exploration of an integrated math and CS instruction model offers a promising 
model for broadening girls’ participation in CS. 
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Tables 

Table 1 Student participants by unit, condition, gender, and instructional context (n = 1,037) 

Gender Exponents unit (Scratch) Fractions unit (Javascript blocks) 

Girls 

Condition 1: Integrated 

Computer Math 
lab class 
32 43 

Condition 2: 
Integrated only 

in CS 
Computer lab 

380 

Condition 1: Integrated 
in both math and CS 

Computer Math 
lab class 
42 52 

Condition 2: 
Integrated only in 

CS 
Computer lab 

327 

N 

549 

Boys 30 41 334 46 52 272 488 

in both math and CS 

Table 2 Exit ticket items, measured on a 5-point Likert scale 

Items Math lessons Computer science lessons 

Enjoyment 
I enjoyed doing the math in today’s 
class. 

I enjoyed doing programming in 
today’s class. 

Ease (item 
reverse coded) 

Today’s math lesson was difficult. Today’s computer lab was 
difficult. 

Connection 
Today’s class was related to what I do 
in the computer lab. 

Today’s class was related to what 
I do in the math class. 

Exit tickets were measured on the following 5-point Likert scale: 0 = Strongly Disagree, 1 = Disagree, 2 = Not sure, 3 
= Agree, 4 = Strongly Agree 

Table 3 Exit ticket responses from students in the two instructional conditions. 

Condition 1: Integrated in Math and CS 
Condition 2: 
Integrated in CS 

Unit Subject Lesson Total 

# Students across classes 
1- 4 

1 2 3 4 

Exponents 

Math 1 79 

Math 2 77 

Math 3 80 

CS 1 62 

22 N/A 23 34 

20 N/A 23 34 

22 N/A 26 32 

17 22 23 N/A 

--

--

--

714 

Fractions 

Math 1 91 

Math 2 92 

Math 3 96 

CS 1 88 

19 21 24 27 

18 23 20 31 

21 22 21 32 

17 19 27 25 

--

--

--

599 

N/A: not administered by the teacher (missing across the class) 
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Table 4 Modelled intercepts for each exit ticket item collected in the math class and computer 
lab (Condition 1) calculated using the multilevel approach with random effects 

Variable subject Estimate means SE 

Ease CS 0.36*** 0.1 
Ease Math 0.69*** 0.07 
enjoyment CS 0.6*** 0.1 
enjoyment Math 0.62*** 0.07 
connection CS 0.67*** 0.1 
connection Math 0.88*** 0.07 

*** p <.001 

Table 5 Comparisons between boys and girls across subject for each exit ticket item as 
calculated by the multilevel model (for students in Condition 1) 

Estimated mean 
Variable Subject difference SE p 

Ease cs 0.29. 0.17 .091 

Ease math 0.11 0.14 .422 

Enjoyment cs 0.46** 0.17 .007 

Enjoyment math 0.28* 0.14 .042 

Connection cs 0.48** 0.17 .005 

Connection math 0.31* 0.14 .027 
** p < 0.01; * p <. 05; . p < .10 

Table 6 Left: Modelled responses by girls in Condition 1 compared to girls in Condition 2, Right: 
modelled responses by boys in Condition 1 compared to boys in Condition 2 (see also Figure 11) 

Girls Boys 

Variable estimate SE 
p. 
value estimate SE p. value 

ease 0.4** 0.14 .004 0 0.14 .989 
enjoyment 0.41** 0.14 .004 0.01 0.14 .952 
connection 0.69*** 0.14 <.001 0.29* 0.14 .043 

*** p < 0.001; ** p < 0.01; * p <. 05 
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Figures 

Fig. 1 Math lesson in exponents unit: Using Scratch to visualize exponential growth and connect 
between different representations of exponents 

Fig. 2 CS lesson in exponents unit: An example of integrating math content into the Scratch 
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Fig. 3 Math lesson in fractions unit: Running JavaScript programs to visualize and make 
connections to math representations of fractions 

Fig. 4 CS lesson in fractions unit: An example of solving a fractions problem by programming 
JavaScript blocks to visualize the solution 

Fig. 5 Means of the student responses in Condition 1 for each exit ticket administration and 
item (n = 110) 
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Fig. 6 Modelled responses across CS and math units as calculated by the multilevel model with 
random effects (for students in Condition 1) 

Fig. 7 Means of the student responses on computer lab (CS) exit tickets across conditions 
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Fig. 8 Means of student responses in Condition 1 for each exit ticket (Girls = 57, Boys = 55) 

Fig. 9 Modelled responses by gender across CS and math units as calculated by the multilevel 
model with random effects (for students in Condition 1) 
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Fig. 10 Modelled responses by boys and girls compared across instructional conditions 
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